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CONFIDENTIAL 




IMPERIAL CHEMICAL INDUSTRIES LIMITED 

NOBEL DIVISION 
Research Deportment 
Nobel House. Stevenston. Ayrshire 


Telephone: Ardrossan- Saltcoats 2140 
Telegrams : Nobel Stevenston 
Telex: 77370 


Mr.R.L. Hanson Your ref: 

Power Branch 

Department of the Navy Our ref: JP/MDS 

Office of Naval Research _ _ 

Washington D.C. 20360. 22 ^ 1966 

U.S.A. . 

Dear Mr. Hanson, = 

I am sorry I omitted from our data fleets the impact 
sensitivity values on our apparatus for the standard explosives. 

Of course, the values given are of little use without these standards 

and I had intended to include them. 

The figures for the £ Kg. hammer are: _ 

RDX ' 25 - 30 cm. 

^ - V : r PETN 30 - 40 cm. 

v v tetryl 60 - 70 cm. 

: V " NO 25 - 30 cm. 

TNT is very insensitive and gives a value ' 200 cm. 
with a 2 Kg. hammer. 

Yours sincerely, 

■ ,o 


c - 


\ 


% \<s 




(J. Peters) 

Government Research Section. 


This letter is a supplement, to Data Sheets for Compounds Prepared 
under U.S. Navy Contracts N6255P-2576, -3318, -4076, -4272. 
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CONFIDENTIAL 


Introduction 



This report covers the period 1st July I960 to 30th June 1966 

'\ - * i ’ 

and summarises the important properties of compounds prepared in 
the Research Department laboratories of the Nobel Division of 
Imperial Chemical Industries Limited on behalf of the Advanced 
Research Projects Agency-under A.R.P.A. Order 23. The work 
sponsored by A.R.P.A. was monitored by the Office of Naval 
Research and v/as carried out under U.S. Navy Contracts 
N62558-2576, -3318, -4076 and -4^72. 

The report is divided into three sections. Section 1 deals 
with all NF- containing compounds first prepared or prepared by 
new routes under the above contracts. Section 2 deals with 
compounds con tailing the N0 9 “ group only and prepared under 
these contracts. Section 3 describes briefly the instruments 
and methods employed in determining the physical characteristics 
of these compounds. 

Compounds have been listed in elemental order as in Chemical 
Abstracts. Infra-red and n.m.r. traces have not been reproduced 
but are retained on file in Research Department, Nobel Division, 
for reference purposes. Infracord 137 spectra are available for 
all NF-compo’inds listed and Infracord 337 spectra for some of 
these compounds. Both Infracord 137 and 337 spectra are 
available for the N0 o - compounds. 
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Data Sheet 

N.N-Difluorourea (anhydrous) CDFTJ ) 

Structure : NFgOONH^ 

/ o 

Physical State: White solid, m.p. 42-42.5 C 

Analysis: Found: C, 12.0; H, 2.2; F, 36.5; N, 27.8/S 

Calc, for CH^ 2 N 2 0: C, 12.5; H, 2.1; F, 39-5; N, 29.2# 

Infra-red absorptions at: 3.0(s), 3.l(m), 5.6(s), 6.3(s), 

7.4(s), 8.3(m), 9.0(,w), 10.9(s), 

12.0(w), 14. (m)r* 

Impact Sensitivity: 10-20 cm 

Other Properties: Moisture content when prepared 0.3#, non- 

hygroscopic on storage in the atmosphere. 

Attempts to chlorinate, nitrate and ace ty late 
:: „ , DFU were unsuccessful. Attempts to prepare 

lithium, sodium and silver derivatives of 
DHJ were also unsuccessful. 

& H f 298 calc * **^ 1 * 0 » ^ H f298 meas * ^ Dow ) 

-66 . 0' kcal/ mole 

Preparation: Fluorination of 5 %> urea in 0.1N NaQH solution 

followed by ether extraction: 

NH 2 C0NH 2 + F 2 — * NF 2 C0NH 2 ; 56# yield 
References: Aerojet-G-eneral Corp. , Report 0371-02-2, July I960 

Dow Chemical Corp., Report No. AR-2Q-60, April-June I960 
I.C.I. Progress Report No. 9, July - September 1962. 
CONFIDENTIAL 


CONFIDENTIAL 


2 


Data Sheet , 

N-Nitro-N* -dif luoraminome thylurea 
Structure: O^NNHCONHCH^NF^ 

Physical State: White solid, m.p. 83-7°C (recrystallised 

from al coho 3/li groin) 

Analysis: Found: C, 14.4; H, 1.9; F, 23.7; N, 32. 95^ 

■ G H F 0 N 0_ requires: C, 14.1; H, 2.4; F, 22.4; N, 32. 9# 

2 4 2 4 3 ^ 

Infra-red absorptions at: 2.8(m), 3.1(a),. 3.2(a), 3.3_(s)» 

5.8(s), 6,2(5), 6.4(s), 7.1(a), 

- • = 7 . 4 ( 0 ), 7 . 8 ( 0 ), 8.2(s), 9.8(s), 

12.l(m), 12.5(a), 33.4, 13.8 (o)^. 


Impact Sensitivity: 10-20 cm 


Explosion Point: 13 6 C ... 

Other Properties: ca ^ c# “134.4kca]/mole 

Preparation: Reaction of HNF^ with nitrourea in the presence 

of 37^ aqueous formalin and H_S0, : 

2 4 


OaNNHCONH. + CK„0 HK? 2«. 

2 2 2 05* 

2 4 


OgOTCONHCH NF 2 
’ ( 50 % yield) 


Reference: X.C.I. Progress Report No. 15, January - March 1964 
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Data Sheet 


3. Bis (dif iuoraiainometh,vl)nitramine (BDMN ) 

S true ture : (F^^’ OK 2 ) 

Physical State: ; Yellow liquid 

Analysis: Found: C, 13*9; H, 3.1; F, 33.7; N, 30.2^ 

Calc, for C H. F. K. 0_: C, 12.5; H, 2.1; F, 39.6; K, 29.2^ 

2 4 4 4 2 

Infra-red absorptions at: 3.0(s), 5.9(m), 6.4(vs), 7.1 (vs), 

7 . 9 (vs), 8 . 8 (s), 9.1-9.4(m), 

10.5(s), ll.O(s), 12.2(s), 13.8(s)f. 
Impact Sensitivity: 10-20 cm , 

Explosion Point: 140°C > c 

Other Properties: ca ^ c * ”30.1 kcal/ m °l e (EssoAB^^q 

calc. -27. 0) Monopropellant S. 1 . 297*5 calc* 
Vapour pressure measured: ' - 


0 ° 

5.8 mm 

40° 

28.5 

10 ° 

6.6 

0 

0 

41.1 

rv> 

0 

0 

12.2 

60 ° 

57*1 

0 

0 

18.5 

159 ° (es 

t) 760 


Vacuum thermal stability test at 60° showed 
an auto catalytic decomposition (initial gas . 
evolution 19.5 ml/ g/100 hr). Slightly swelled 
010 and PDI/D1 casting powders. 
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Preparation: Reaction of HNF^ with nitramine and paraformaldehyde 

in the presence of 96 % H~SO, . 

2 4 

h 9 so. 

NH 2 N0 2 + (CH 2°^x + ^2 m ^ mJt ( F 2 KtiK 2^2 NW0 2 J 71614 

References: Esso Research & Engineering Co. QER 62-4, Sept.-Dee. 


1962 I.B.I. Progress Report No. 14, July 1, 1962 - 
December 31, 1963,No. 21, July 1 - September 30, 1965. 
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Data Sheet 


4. Methane i^difluoraminomethylsulphonamide 


Structure: MesO^WHuH^wj?*^ 

Physical state: m.p. 7a--76°u 


Analysis: Jocund: 


u, 15.0; H, 5.7; F, 25./; K, 17.6JE 


C ^ I 6 P 2 N 2°2 S requires; c > 15 * 0; H » 3.8; P, 23.8; N, 17.5^ 
Infra-red absorptions at: 3.0(s), 7.15(a), 7.6 (s),' 8. 0(w) , 

8.7(s), 9.3 (w), 9:9(w), 10.2(e), 

y / ....... J /' ;; ... 

10.95(s), 11.5 (w) , 11* 95 (s), 

, 12. 2(s) , 12.4(h), 13.25(m )f. 

Impact Sensitivity: ^200 cm 

Preparation: Treatment of methane sulphonamide with 31% aqueous 

formalin, HNP 0 and H_S0, : (Soluble in water) 

- 2 <! 4 ji 

■ H=- - ■ ' ■ - H SO ' 

MeS0 2 r'IH 2 + CH 2 0 + HNF^ * MeSC^NHCH^NF^ 

1% yield 

Reference: I.G.I. Progress Report No. 18, January 1 - December 

31, 1964. 
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Data Sheet 

5. N . N 1 -Bis (difluoraminoaethyl ) sulahamide 
Structure: F^C^NHSOgNHCHgNFg 

Physical State: Clear, colourless oil 


Analysis: Found: . C, 11.1; H, 3.1; F, 33*9; r N, 24.8JS 

CgH^N^OgS requires: C, 10.6; H, 2.7; F, 33 >6; N, 24.8^ 

Infra-red absorptions at: 3»0(s), 6.5(m), 6.85(s), 6.95(s), 

7.05(s), 7.5(s), 8.3 (m) , 8.6-8.8(s), 

9.3 (o), 9. 9 (m) , 10.2(a), 11.0(s), 12.2(s )f* 
Preparation: Reaction of HNF_ with sulphamide and paraformaldehyde 

in the presence of 967 ! H 2 S0^, ^°^ owe ^ by Et^O 


extraction? 


nh 2 so 2 nh 2 -♦ (ch 2 o) x + hnf 2 


H ? S0 , _ , 

- 4 - » F 2 NCH 2 NHS0 2 NHCH 2 NF 2 
3^ yield 


Reference: I.C.I. Progress Report fro. 18, January 1 - December 

31, 1964. 
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Data Sheet 

6. 4.,5-Bis(difIuoramino)-l,3-dinitroimidazoIidin-2-one 
Structure: F^NCHN (NO^) CON (N0 2 )GHNF 2 

: , O 

Physical State: White solid m.p. 69-70 

s Analysis: Found: C, 13.2; H, 0.4; F, 27.5; K, 2%6% . 

t - . ~ , . 

C 7 H 0 F. N^0 C requires: C, 12.9; K, 0.7; F, 27.3; N, 3 0.2J& 

32405 

Infra-red absorptions at: 5.4(a), 6.2(s), 7 .8(w), 8.l(s), 

JLO(s), 9.2(m), 9.7560, 10.7(w), 

\ 11. 6 (m) , 12. 4 (v.) , 13.5(w)/\ 

'HNMR Spectrum (MeCN solution): Triplet centred at 3.1** (J=l6 c/sec) 

: c ‘ ; :r • - . ... 6 ; : 

Preparation: Nitration of 4,5 - bi s ( dif lu or ami no ) imida z oli di n- 2- one 

with KN0,/Ac 2 O for 2^ hr at -10° followed by 
evaporation of the acid before addition of water. 

F_NCH-NH Ac 0 F^NCH-N-N0i 

r - 2 | >0 + HNO, -A 2 | >0 2 

F 2 NCH-NH 5 F 2 NGi-N-N0 2 _ 

Very small yield. 

Reference: I.C.I. Progress Report No. 23, January 1 - March 

31, 1966. 


1 


-1 


j 
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Data Sheet 

4.5-Bis(difIuoraaino)-l-nitroir.ddazolidin-2-on e 
Structure: P 2 NCHN(N0 2 )C0MCHNF 2 

Physical State: White solid, m.p. 65-89 (aecontp.) (recrystallised 

from iPr.0H/hexane) 

Analysis: Pound: C, 15.2; It, 0.8; F, 31.8; N» 30.4 a 

C,H,F 1 K c 0, requires: C, 15. 5; H, 1.3; F, 32.6; N, 30.l£ 

3 3 4 5 3 ' 

Infra-red absorptions at: 3»7(s), 5.6(s), 6.25(5), 7.75(a), 

?.9(s) , G.l(s), 8.9(a), 9.3(a), 

9. 8(m), 10.8(a), 11.35(a), 12.l(w), 

c 12.4(w), 12.8(a), 13. l(w), 13.7(w) V • , 

HNMR So ec trust (Me CN solution): Triplet centred at 4.35 *fc (J=18 c/sec) 

* and at 3-45 = 18 c/sec) 

•_ v- Bi^dad singlet at 1.74'* (NH) 

^FNMR Spectruin (MeCN solution): Triplet at -32.5 6 (J=18 c/sec) 

Impact Sensitivity: <5 cm 3f... 7. 

o 

Explosion point: 152 C 

Preparation: Nitration of ,5-bis(difluoramino)inidazoliuin- 

2- one with 10# HNO^ at 20° for 2 days 

? NCH-BH F HCH-K-UO 

2 I >0 + n«o ^ I >o 2 ; 5# yield 

/ - - 1 F 2 NCH-NH 3 P 2 NCH-M 

Reference: I.C.I. Progress Report No. 15, January 1 -March 

pi, 1964, No. 23, January 1 - March 31, 1966. 
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Data Sheet 

4.5-Bis(difluoramino)imidaaolidin-2-one 


Structure: F^N (JsNHCONHCHNF ^ 

- - y o 

Physical State: White solid, m.p. 172 (recrystallised from 

benzene) 

Analysis: Found: C, 19.4 H, 1.9; F, 39.9; N, 29.8/ 

C-H. F. N.-O requires: C, 19.2; H, 2.1; F, 40.4; N, 29.8/ ,■ 

3 4 4 4 

Infra-red absorptions at: 3.l(s), 3.2(s), 5«8(s), 6.9(s), 

7 . 7 ( 0 ) » 7.9(s), 8.6(m), 9.9(m), 

10.5(a), 11.3(o), 11.5 (s) , 13 . 1 ( 0 )^ 

'HNMR (Acetone solution): Triplet centred at 4.39*^, J=18 c/sec (CH) 

each peak: split by '^N, J=l. 8 c/sec. 

Broad singlet at 2,12 ^(Nh) 

FNMR (Acetone solution): Triplet at -31.6 S 9 J=15 c/sec. 

Impact Sensitivity: 10-20 cm 

Explosion Point: >300 

Other Properties: Can be sublimed under vacuum at 100 

0.2 g sample lost 1.6% by wt. on storage at 

; , 0 ■ -*• ■>- ' ' ■ . _ ■ 

- 70 for 14 days in open tube. 

calc « -153.8 Iccal/ :.:ole 

Vacuum thermal stability 0.3 ml/ g/100 hr at 60°C 
Reaction of HNF^ w ^th 4, 5-dihydroxy- , 4,5- 
dimethexy-, or 4 , 5 -dietho^ 3 d.oidazolidin- 2 -one 
in the ore^ence of 96 / H o S0 

24 

CONFIDENTIAL 


Preparation: 1. 
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References: 


10 


ROCH-NH 

roAh-nh 


CO + HNF. 


H ? S0 

±> 


F NCH-NH ^ 

2 j y CO ; 

f 2 nch-nh 


R=H, yield 

Ralto, 7# yield 
R=Bt, 82$ yield 

Condensation of 1, 2-bis(difluoramino)ethane- 

;• j ■ { > 

1,2-diol with urea in the presence of H^SO^ 
or HSO^F: 

F^NCHOH , HX F 0 NGH-NH_ 

2 + NH CONH 2 CO 

FgNCHOH 22 ( F NCH-NH 

X = S0 3 F, 4# yield 
X s HSO^, 169S yield 

I.C. I. Progress Report No.14, July 1, 1962 - 
December 31,1963; No. 15, January 1 - March 31,1964; 
No. 17, July 1 - September 30, 1964. 

No. 23, January 1 - March 31,1966. 
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Data Sheet 

N.^-Bisfdifluorandnome thyl)-N-nitrourea 
Structure: F 2 NCH 2 N(N0 2 )C0NHCH 2 NF 2 

Physical State: White solid, m.p. 69-72°C (recrystallised 

from ethanol/li groin) 

Analysis: Found: C, l6.2; H,,2.7; F, 32.3; N, 31.1?o 

CjH e ? U 0, requires: C, 15.3; 2.1; F, 32.3; N, 29.8JS 

5 3 4 3 3 

Infra-red absorptions at: 2.85(a), 5»8(s), 6.0 (d), 6. 2(s), 

: 6.4(s), 7.0(d), 7.1(a), 7.4(m), 

7.8 (m) , 8.2(s), 9.6(s), 9.8(m), 
10.7(d), 10.9(s), 12.2(s), 12.55(s), 
13.45 (s), 13.r>5( s)/\ 

Impact Sensitivity: <5 cm _ v 

Explosion Point': "143 G ^ . .. > 

Other Properties: Ga ^ c * -139.2 kcol/aolc. Monopropellant 

S.I. 245 calc. . / 

Preparation: Reaction of HNF 2 with nitrourea in the presence 

of 37/- ; aqueous formalin and H^->0 

HNF 

NH 2 C0HHN0 2 + UH 0_ F NCHpK (NOg) CONHtJI NF 

^ 4 3 yield 

Reference: I.C.I. Progress Report ho. 15, January 1 - March 

31, 196-, 
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Data Sheet 

10. N-Ace tyl-N-difluoraminome thylhydroxylamine 
Structure: AcN(0H)CH 2 NF 2 ^ 

Physical State: White solid, m.p. 93-94° C 

Analysis: Found: C, 25.8; H, 4.5; F, 27.4; N, 19 , 1 % 

C_H/-F o N_0^ requires; C, 25.7; H, 4.3; F, 27.1; N, 20. (# - 

j b 2 c. 2 

Infra-red absorptions at: 3.15(s)> 6.1(s), 7.l(s)» 7.9(m), 

• 8.0(m), 9.8(m), 10.0(m), 10.9(m), 

12 . 2 ( s ) , 12. 8 (a )fX 

Preparation: The action of HNF^ on a mixture of acetohydroxamio 

acid and paraformaldehyde in Hie presence of 96 % 

AcN(0H)CH 2 NF-; 

89b yield 

Reference: I.C.I. Progress Report No. 12, July 1, 1962 - 

June 30, 1963 < ■ r ' ' 


H 2 S0 4 

r - > H^SO 

AcNHOH +‘ (m 2 °)x '+ ^2 
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Structure: ^2^^2^^^*^2^2 

o , 

Physical State: White solid, m.p. lo2 C (re crystallised from 

' ligroiry'ethanol) 

Analysis.: Found: C, 19.4; .H, 3.1; F, 39.8; N, 23. S% 

C-.fi-F. N. 0 requires: C, 18.9; H, 3.2; F, 40.0; K, 29. 5^ 

3 o 4 4 

' Infra-rea absorptions at: 3.0(s), 6.l(s), 6.6(m), 7.5(m), 

8. 0(m) , 9. 0(m) , 10.0(m) , 11.0(s), 
12.35(s), 13.0(m), 13.3(m)r* 

Impact Sensitivity: 10^20 cm 

Explosion Point: l68°C 

Other Properties: calc* -128.7 kcal/mole. BDMU was 

a. recovered unchanged from: 3. 

(i) Storage at ?0°5- f or 7 days ; 

{ii) A mixture with aluminium powder and 

o 

/ ammonium perchlorate heated at 100 C 

for 1 hour 

(iii) A mixture with nitrocellulose (12 .£>f. N) 

o 

maintained at 70 C for 1 hour 

(iv) A mixture with Casting Liquid 
(nitroglycerine/ triacetiiy^-nitro- 
diphenylamine = 80/15/1) maintained 
at 70°C for 7 days 
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Vacuum Thermal Stability test, 0.3 ml/g/lOO hrs 
at 60°. 

BDMU was decomposed by base and by nitration, 
and was recovered unchanged from attempts at 
difluoramination, halogens tion, and fluorination. 

(i) Reaction of HNF 2 with a mixture of urea and 
paraformaldehyde, in the presence of 96% I^SO^ 
or other dehydrating agents 


NH CONI! + (CH_0) + HNF 

2 2 2 'x 2 



f 2 nch 2 nhconhch 2 nf 2 


83% yield 

(ii) Reaction of dif luoraminonethanol with urea in 
the presence of 36%, H^SO, or otlier dehydrating 
agents - 


-h 2 o 

NII 9 CONK 2 +F 2 NCH 2 OH — FgNOi WHCONHCH^NF 

c ‘ , " ’ /_ 

(iii) Reaction of It,N’“dimethylolurea or of 

NjN'-di. (me thoxym ethyl) urea with HNF 2 in the 
presence of 96%j HSO^F or HS0 7 C1 

RCCH 2 NK C ONH CH 2 0R+H?IF 2 F^NCK^iCONIICH^^ 

With H SO : R=H, 99 % yield; R=Me, 7 6%, yield 
With HSO^F: R=H, 3% yield 
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References: I.C.I. Progress Reports Nos. 11, January 1 - 

March 31, 1963; 12, July 1, 1962 - June 30, 1963 j 

14, July 1, 1962 - December 31, 1963; 13, 

January 1 - March 31, 1964; 23, January 1 - 

March 31, 1966. 



CONFIDENTIAL 



Structure: CH 2 [N(CH 2 NF 2 )N0 2 ] 2 


Physical State: White solid, m.p. 89°C (Esso Report m.p. 78-80) 

Analysis: Pound: -V C, 16.0; H, 3.0; P, 31.2; N, 30*2# 

Calc, for C^H^P^NgO^: C, 13.5; H, 2.3;' P, 28 ;6; N,' 31 . 6 % 

- . * - ' ■ . . r '' 

. > _ r . •• . 

Infra-red absorptions at: 3.5(m), 6.4(s), 7.0(m), 7.4(ni)> 

7.6(m), 7.5(s), 8.7(s), 9.7(s), 

10.3 (s), 10. 6 (s), 10.9 (s), 11.4 (m) , 
i2.2(s), uu(s)f»; a : ■ v; : 

Other Properties: -29.6 kcal/mole calc. Esso estimated • 

AHf 2 o8 “31.05 kcal/mole, and monopropellant 

- s.i. 284.8. . . ' _ - y ( . 

Preparation: The reaction of HKP_ with methylene dinitramine and 

> C ' 

3 75? aqueous formalin, in the presence of H 2 S0^ 

H^O : f - , ■"*% 

ch 2 (nhno 2 ) 2 + CH 2 0 + HNP 2 ch 2 [n(ch 2 np^o 2 J 2 ; 

31 '$ yield 

References: Esso Research & Engineering Co. QPR 62-4, Sept. - 

Dec. 1962 . 

I.C.I. Progress Report No. 14, July 1, 1962 - 
December 31, 1963; No. 15, January 1 - March - y 
31, 1964. - ' ' • 




alj 



CONFIDENTIAL 


< Data Sheet 

Tri s ( dif luoraminome thyl) amine > (TDMA) 

Structure: ^CHgNFg'^ 

Physical State: Colourless liquid, b.p. l66°/?60 mm 

Analysis: Found: C, 17*2; H, 2.9; F, 53*5; N, 26 , 5 %; M.W. 

• - - .. f _ /. 

; ' (cryoscopic in benzene), 234 . 

C 3 H 6 F 6 N^ requires: C, 17.0; H, 2.8; F, 53.8; N, 26.2$; M.W* 

Y^v^/ .. ' -2 jL 2. ' /•. . : -p .. .. . 

In£ra-rea absorptions at: 3.4(w) , 6.9(s), 7*2(s), 7.3 (s) , 8.2(s), 

.. ,^.4(s), 10.0 (b), ll.OXs), 12. 2 (s), 

^ " 13.7(m), aS.7(m), l3.7(is)/\ 

- - V ' _ • A . .. 

*HNMR Spectrum (CCl^ solution): Triplet centred at -5.43V, J=24 c /sec. 

FNMR Spectrum (CCl^ solution) : Triplet centred -at -42.7 € J=24 : <y sec. 

Impact Sensitira.ty^ : 10-^20 cm~' / \ ,, . 

Explosion Point: >lob 

Other Properties: AH^c^g calc. -25.3 kcal/mole. Monopropellant 

S.I. 287 calc. Refractive Index (18°), 1.378. 

* Soluble in Et_0, CHC1 0 , G^H^. Insoluble in 

- 2 2 60 

• - : water. No decomposition after storage in 

'pyrex' at room temperature for 3 months. 

Vapour pressure measured': 
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13. (contd) 


0° 

6.4 mm 

40° 

34.4 mm 

10° 

10.3 

o 

o 

m 

47.1 

o 

o 

CM 

17.6 

60° 

61.1 

30 p 

25.7 

166° 

760.0 


D.T.A. endotherm, 180°, Storage at 60° 
showed, a slow initial pressure rise followed 
by an accelerating rate of increase. Did net 
form quaternary salts, decomposed by HNO^, 

HCIO^, 0 y H 2 0 2 base. 

Preparation: Treatment of the following with HISF^ an< * 96j£ HgSO^, 

HSO^P or HSO^Cl. 

(i) Dinitropentamethylenetetramine; 5Q/c yield 

(ii) Hexamethylenetetra;nine; 10$" yield 

(iii) Hexamethylenetetramine dinitrate; $8% yield 

(iv) Liquid NH 3 , NF^CH 2 0H; 13% yield 

(v) MP 2 CH 2 0H, MH 2 S0 H; 3k% yield 

(vi) KPgCHgOH-,. (MH )^0 18^ yield 

> (vii) NF 2 CH 2 QH, NH^Cl; \3% yield 

References: I.C.I. Progress Reports No. 7 15, January 1 - March 31, 

1964; No. 16, April 1 - June 30, 1964; No. 18, 
January 1 - December 31, 1964; No. 19, January 1 - 
March 31, 1965; No. 20, April 1 - June 30, 1965; 

No. 21, July 1 - September 30, 1965. 
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14. Methane N »N-bis ( difluoramlnome thyl) suiphonagri de 


Structure: MeSOgNCCHgNPg)^ 


Physical State: White solid, m.p. 44-46 C 

Analysis: Found: C, 15.5; H, 3.4; F, 34.0; N, 17.4# 

C^H^F^N^O^S requires: C, 16.0; H, 3.1; F, 33.8; N, 18.7# 

Infra-red absorptions at: 7.3(s), 7.4(s), 7.7(m), 8.2(m), 

8.5(s), 8.6(s), 9.9(m), 10.l(m), 

10.3 (s), 10.8(s), ll.O(s), 11.7 (d), 

12.l(s), 12.2(s), li:.5(s), 13.3(m)^ 

Impact Sensitivity: 30-40 cm 

Preparation: Treatment of methane sulphonamide with paraformaldehyde. 


HKF^. I^SO^ (l ns °l u bl e in water).' 

H^SO. 


MeS0^NH 2 + (0H 2 0) 2 + HKF^ 


, : 58^' yield. 

Reference: I.C.I. Progress .Report No. 18, January 1 - December 

31, 1964. 
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2, 5-Dif luorimino-3 , 6-dike topiperazine 


Structure: 


K 

Vn p 


(or isomer) 


- o 

Physical State: White solid, m.p. 156-7 , recrystallised from 

isopropanol 

Analysis: Pound: C, 28.4; H, 2.6; ?, 21.6; N, 33.95& 

C 4 H ? P 2 N^0 2 requires: C, 2?. 3; H, 1.1; F, 21.6; K, 31.85b 
Infra-red absorptions at: 2.95(s), 5v75( s )> 5.95 (s) , 6.2(s), 

' ' 6.3 (s), 7.2(s), 7.6(m), 7.9(s), 

8.3(a), 9.2 (m), 11.0(s), 11.15(s), : ? 

11.5 (m), 11.55(m), 12.0(m) , 12.7(a), 

/ '• — •' . . ; . _ ' 

13.4(a), 14.0(01)^*. 

Preparation: The reaction of disodium 2,3,5,6-tetrahydro:xypiperazine- 

1,4-disulphonate with HNF 2 and HSO^Cl (minor product) 


SO Na H H 

N 3 K N 

H0(< NoH HSO Cl 0^ >=nf 0 ?( 

+ HTTP + 

ho\ Joe ■ fn^ jrwp J^o 

N .. N N 

S0,Na - H - K 


H 

N 

ol Vnf 


SO^Na 


5C£o yield 15^ yield 


Reference: I.C.I. Progress Report No. 20, April 1-June 30, 1965. 
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16. 2 .3 .5-Trifluorimino-b-ke topiperazine 


Structure: 


H 

N 

OW SsNF 

FN^ JkNF 

N 

H 


Physical State: White solid, m.p. 206-7 , recrystallised from 

isopropanol 

Analysis: Found: C, 25.0; H, 1.9; F, 28.6; N, 31.5%; 

M(ebullioscopic in acetone), 182 

C H 0 F N 0 requires: C, 2k. 9; H, 1.1; F, 29.5; N, 36.3ft. 

W c. 3 3 

M, 193. 

Infra-red absorptions at: 2.95(s), 3.l(s), 5.8(s), 6,2(s), 

6.3(s),. 7.15(s), 7.85(w), 8.l(w), 
10.8(s) , 11.0(s) , 11.15 (b), 13.l(m), 

• . ■ V. 

13.3(m), lif.O(m), lU.6(mY. 

>• Preparation: (i) The reaction of rlisodium 2,3 ,5,6-tetra- 

hydroxypiperazine-l,4-disulphonate with 

/ • 

HI\ t F 2 and HSO^Cl, or with 96%> H^SO^ in the 
presence of paraformaldehyde. 


SO Na 
N ^ 

ho/ \oh 


1! H 

N N 

HS0_C1 oi' Vn? ' Oaf 


+ KNP. 


HO^ ^OH 
N 

SO^Na 


hW FN^\ /^0 
N N 

F H 

30% yield 13 % yield 


With 3o% H^SO^, (CH^O).^ was 39ft 
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lb. (contd. ) 


(ii) The reaction of 2,3 > 5>u—tetraaceto2Qy— 


1,4-dinitropiperazine with HNF^ and 


96% HjSO^, 80% H 2 S0^ or KSO^F. 
NO^ 


N. 


AcO/ N0 Ac 


AcO 


H 

N . 

oy Vnf 


+■ HNF, 


V 

no 2 


QAc 


FN ^ ) 
N 
H 


*NF 


Reference: 


4C£c yield 

I.C.I. Progress Report No. 20, April 1 - June 30, 1?C5, 
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17. 2.3.5.6-Tetrafluoriminopipera2ine (TFP) 


Structure: 


FNar'' >NF 


FKX >NF 


Physical State: White solid, m.p. >230 , recrystallised from 

isopropanol - 

Analysis: Found: C, 22.6; H, 1.0; F, 36.0; N, 40. 

M(ebullioscopic in acetone), 209 

C, H_F, N, requires: C, 22.9; H, 0.95; F, 36 . 2 ; N, 40.($; 

4240 

M, 210. 

Infra-red absorptions at: 2.95(m), 6.2(m), 6.8(m), 7.l(“0» 10.9(»)# 

U.l(s), 15.9(s)f\ 

Ultra-violet absorptions at: 255m^j 327m (in MeOH solution) 

*HNMR Spectrum (Acetone solution): Peak at 6.35 (MeCN). 

Peak at 6.-41'* (acetone). Peak at -0.30'C (acetone) 
FNMR Spectrum (Acetone solution): Peak at +24.0 S 

Impact Sensitivity: 5-10 cm 

Explosion Point: 244.5° 

Other Properties: TFP did not condense with difluoraminomethanol. 

N 0_ reacted with TFP but did not give 
2 5 

2 , 3 ,5, 6- tetrafluorimino-l,4-dinitropiperazine. 
CONFIDENTIAL 
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TFP was recovered unchanged from treatment with 
HNOy^Ac^O. Hydrogenation of TFP resulted in the 
uptake of 5 mols H£ to give an unidentified product. 
Chlorination of TFP ei ther gave recovered TFP or 
complete decomposition. HF did not add to TFP 
at room temperature. TFP was decomposed by 
LiAlH^. 

Preparation: The action of HNF~ and 9 H o S0 (4 hrs) HSO z F, 


HS0 3 C1 (1 hr) 


on salts of 2,3,5,6-tetra- 


hydroxypiperazine-14,-disulphonic acid. 


SO,M 
N y 

no( Noh 


H0l x JOH 


+ HNF 0 — ^ 


N 

Vnf 

I 9 

idy, JeW 


S0 3 M 


M=Na, 77 % yield (H^O^) 
34^ yield (HSO^F, 
HSO^Cl) 


References: IC.I. Progress Reports No. 19, January 1 - March 

31, 19o5; No. 20, April 1 - June 30, 1965; 

' . _ f 

No. 21, July 1 - September 30, 1965* 
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19. 2»3.5.6-Tetrakis(difluoramino)dioxan (TDDj 


Structure: 


; 


Physical State: Liquid, b.p. 78-82/5 mm 100-110°/ 10 mm 

Analysis: Found: C, 20.6; H, 2.2; F, 4-1*3; N, 15.0# 

Calc, for y C, 16.4; H, 1.4; F, 52.1; N, 19.2# 

Infra-red absorptions at: 3.4(m), 5.S(m), 8.2(m), 8.6(s), 

8.9(m), 9.6(m), 10. 2 (s), 11.4(a), 

• / 12. 6 (m )f\ 

; / 

'HNMR Spectrum (jCCI, solution) : Triplet at 4.49 V, J=19 c/sec 

(impurity single peaks at 6.60* 


and at 2.7 6 V ) 


isUi 


FNkR Spectrum (CCl^ solution): Doublet centred at -34.3<f, 

J=20 c/sec; doublet centred 
at -33.66, J=20 c/sec; broad 


band at -31.2 S (impurity ?). 


Impact Sensitivity: 5-10 cm 


Other Properties: ^f 2 9Q calc * ”91.4 Monopropellant 

S.I. 266 calc. U.V. Absorption, max = 2l8mf\ 

Gas liquid chromatography indicated a complex 

mixture of products, the three major components 

nrnpan P 

rj 

&J 1 '*3 ^ Lisu ’-ji/ u J J . - ' 


- 1 
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*■ .a 

19. (contd.) j 

(approx. 80^6) being isomers of TDD. Refractive j 

Index of mixture (18°) 1.3960 
Vapour pressure measured: 

20° 2.1 mm 50° 14.2 mm 

30 ° 4.1 60 ° 21.1 

40° 8a 203° (est) ?6 0 

~ Reaction with ethanolic base led to dehydro- 
fluorination. TDD did not readily nitrate or 
methylate, and no adducts were formed with 
BF^ and HCtNO^. 

Vacuum thermal stability at 60°, 0.4 ml/ g/ 100 hi 

’’ > 

alone, or with AP, Al, or HPVA. 

Some samples of crude TDD plasticised nitro- 
cellulose N), a casting powder (AID) and 

bis(difluoramino)periodate oxycellulose. HPVA 
was soluble in TDD. 

Crude TDD was compatible with nitrocellulose, 
aluminium, ammonium perchloiate maintained at 
70°C for 2 days. 

Preparation: Reaction of HNF 2 with glyoxal or polyglyoxal in the 

presence of HSO^F, HSO^Cl or SO^ 
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19. (contd. ) 


0 


CHO 


Kx/. Nnf. 


+ HNF — ^ * 

CKO ' 2 F.N 


2 ; 21& yield. 


m. 


2 " 


References: Esse Research & Eng. Co., PR 60-3, June- 

Sept. I960. 

r.C.I. Progress Reports Nos. 7-*H> Jan. 1, 1962 - . . 
March 31, 1963. No. 21, July I - September 30, 1965. 


\ 


.'VI 
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4. 5-Bis ydif lnoramino)-l-ur'pidoiniIda20lidin-2-one 


Structure: 



o 

Physical State: White solid, m.p. 159- 163 

Analysis: Found: . C, 21.9* H, 2.7; F» 32.5; N, 30.2?b 

C, H_F, N_0 o requires: C, 20.8; H, 2.2; F, 32.9; N, 30.3# 

4 5 4 3 } .2 

Infra-red absorptions at: 2.9(s), 3-l(s), 5.7(s), 6.4(s), 

| '• ,7.7(m), 8.0(m), 8.2(s), 10.6 (w), 

. 'V 10.8(m), 11.4(m), 11.9(w), 12.2(m), 

13. 2 (m), 14.0(m)^. 

•HNMR Spectrum (Acetone solution): Broad peaks at 2.45 “t, 

3.18V(NK). Quadruplet centred at 3.98 *£, 

J=17 c/ sec; doublet centred at 4.05 
J=24 (y'sec ( CH ) 

]0 • • ,y: . .. 

FNMR Spectrum (Acetone solution): Doublet centred at -28. 7^*, 

J=27 c/sec; quintuplet centred at -30. 8^, 

J=17 c/sec. 

Other Properties: Nitration with HNO^ gave a solid, m.p. 

65-70°. Nitrous acid decomposed the compound 
The infra-red and n.m.r. spectrum support the 
■=- ^ imidazolidin-2-one structure. 
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4.5-Bis (dif luoramino)-l-ureidoiaidazoIidin-2-one 
Structure: F o NCH-N-C0NH 

2 L > 

f 2 nch-nh 

, o 

Physical State: White solid, o.p. 159-163 

Analysis: Found: C, 21.9; H, 2.7; F, 32.5; N, 30.2^ 

C,H c F,N c 0„ requires: C, 20.8; H, 2.2; F, 32.9; N, 30.3^ 

4 5 4 3 2 V V.. . . 

Infra-red absorptions at: 2.9(s), 3.l(s), 5.7(s), 6.4(s), 

7.7(m)V 8.0(m), 8.2(s), 10.6 (w), 
10.8(o), 11.4(o), 11.9(w), 12.2(m) , 
13. 2 (m), 34.0(0)/*. . 

•HNMR Spectrum (Acetone solution): Broad peaks at 2.45 t, 

3.18^(NH). Quadruplet centred at 3.98 *tr, 

J=17 c/sec; doublet centred at 4.05 V, 

. J=24 c/sec (CK) 

19 

FNMR Spectrum (Acetone solution): Doublet centred at -28. 7$“, 

c' ' - r • : 

J=27 c/sec; quintuplet centred at -30 . 8 d, 

J=17 c/sec. 

Other Properties: Nitration with HNO^ gave a solid, m.p. 

65-70°. Nitrous acid decomposed the compound 
The infra-red and n.m.r. spectrum support the 
imidazolidin-2-one structure. 
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(C! 

Preparation: Treatment of 1:1 glyoxal: biuret adduct or its 

acetate with HN?, 5 and H^SO^ alone, or in the 
presence of paraformaldehyde or of slyoxal 

HOCH-NCONH F NCH-NCONH 

| 'CO ' + HN? > ^ | ^CO ; %% yield 

HOCH-NH ^ ■ F^UH-NH 

Reference: I.C.I. Progress Report No. 20, April 1 June 30, 

1565; No. 21, July 1 - September 30, 1565. 



CONFIDENTIAL 


Data Sheet 


N-D if la or aninome thvl acrylamide 


Structure: CH„:CH.CONHCK.,NF_ 

2 ^ 2 


Physical State: 7/hite solid ra.p. 46-8 (recrystallised from 

ace to ne/hexane ) 

Analysis: Found: C, 34.8; H, 4.3; F, 2o c 0; N~, 20.8/3 

C,H> o N o 0 requires: C, 35.3; H, 4.4; F, 27.9; N, 20.6£ 
Infra-red absorptions at: 3,l(s), '>.05(s), 6 c 2(s), 6.5 ( s ) , 

7.l(s), 7.85(a), 8 c 1 ( s ) , 8.95?®), 
9.l(ra), 10.l(s), 10.3 (s), 10. 9 (s) , 
11.55 (e), 12.4(s), 14.l(m) f^. 

Impact Sensitivity: )>200 cm 

Preparation: Reaction of KN ?2 and 96% H^SO^, HSO^F on Ti- 

me tliylol acrylamide: 

- CHq : CH . CONHCK^GH + HK?„ — r* CH :CH.C0NHCH o NF o ; 

2 2 £ aciu. 2 2 2 

9&/i yield :<= 

Reference: I.C.I. Progress Report No.. 23, January 1 - March 

31 , 1966 . 
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22. N-Dif luorardnomethyl-N 1 - (2,2, 2- trinitroethyl)urea 


Structure: FgKCH gNH CCNH CK 2 C (NO, ), 

Physical State: White solid m.p. 170-1° (recryst&llised from 

ileOd/KgO) 

Analysis: Found: C, 17.3; H, 1.9; ?, 12.9; K, 30.6>c 

C, K^F-lvO- requires: C, 16.7; H, 2.1; F, 13*2; i\, 29 . 2;6 

4 t> ^ o 7 

Infra-red absorptions at: 3«0(ai), c.l(s), 0.3(s), ..4(s), 

7.13(a), 7.S(s), 8.05(a), 9.l(w), 

9.9 (w), il. 05 (w), 11.5(a), 11.7(w), 

12.4(a), 12.9(a), 13.6(a), 13 v 9(m)/\ 

Other Properties: Vacuum Thermal Stability tost, 0.2 ml/ 5 / 100 hr 

,0 - 

at 60 

Preparation: Diflu brami nation of N-hydrooynethyl-N '-(2,2,2- 

trinitro ethyl) urea with HH ? 2 and SSfi H 2 S 0 ^: 

4 * H SO 

H0Cii 2 i'IKC0!tHCH 2 C(N0 2 ) 5 + HN ? 2 -=—£ FgKCI igNII CONK CM 2 C (NO 2 ) . ; 

49 ? yield 

Reference: I.C.I. Progress Report No. 22, October 1 - December 31, 

/ 1965; 23, January 1 - March 51, 19 -0. - 
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2 ,3-Bis (difluor amino) dioxan 


Structure: 0 

/ \ 


NF, 


V n S W 2 


Analysis-: Pound: C, 25.3; H, 4.6;^ F, 40.5; N, 15. CT' 

C 4 H 6 F 4 N 2°2 requires: C » 2 5*3; H » 3.2; F, 40. 0; M, 14.756 
Infra-red absorptions at: 3.3(w), 6. 8(d), 7.9(s), 8.4(s), 9.6 (m) , 

9.9(a), 10.3 (n), 10.3(6), 11.6(s), 
12.6(s) , 13.7(a)f\ 

Impact Sensitivity: 40-60 cm 

Preparation: Reaction of 2,3-ethylenedio3cydioxan with KNF2 

the presence of H 2 S0^. 

cIxD- 


HN? 2 


n 2 so r y* 


435° yield 


Reference: I.C.I. Progress Report No. 10, October 1 - December 


31, 1962. 
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1 . 2 -Bis (difluoramino)-l. 2-diformamidoe thane 
Structure: (F 2 NCHMiCH0) 2 


Physical State: White solid, m.p. 184-185°C (reeryst-allised 

from isopropanol) (Esso Report 195-6 ) 

i 

Analysis: Found: C, 21.9; H, 2.9; F, 35.2; N, 24. 5/> 

Calc, for C^KgF^Og: C, 22.0; H, 2.8; F, 34.9f N, 25. Ta 
Irfra-red absorptions at: 3.0(s), 3 • 4 ( n ) , 5«9(s), 6.6(s), 

7.2(e), 7.9(s), 8.2(m), 9.8(m), 

{ / / 

11.4(s), ll.o(m) , 12.4(m), 13.6(0, 


14.7(e), 17.5(e), 19.6(w)^. 
Impact Sensitivity: 20-30 cm 

Explosion Point: 169 C 

Other Properties: Intermediate in the preparation of 1,2- 

bis (difluoramino) ethane-1, 2-dinitramine 
by the process: 


F NCHNHCHO HNO, F o NCHNN0 o CH0 

2 I —4 2 I 2 

F 2 NCHNHCHO Ac 2° f 2 ncknno 2 cko 

57a yield 



f 9 nchnhno 

i 

F 2 NCHNHN0 2 


Prepare, tion: The reaction of 1, 2-dif oraamidoethane-1, 2~dioT with 

yjv? 2 and 96 /c K 2 S0^: 

HOCHimCKO F^CKJiHCHO . ^ 

HOCKNHCHO H 2^4 F^CHNHCHO 
' CONFIDENTIAL 
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24. (contd. ) 

References: Esso, Q.P.R. 62-1, December 1961 - March 1962 

I.C.I. Progress Report No. 16, April 1 - June 
30, 1964; No. 17, July 1 - September 30, 1964. 
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4-Difluoramino-5-me thoxy~2-nitriaii::oimidasoIidin e 


Structure: MeOCH-NIi 

i x 


C=NNO, 


F^CH-NK 


,o 


Physical State:. White solii, m.p. 152 
Analysis: Found: C, 22.?; H, 3.5; ?, 17.3; N, 32.4/> 

requires: C, 22.3; H, 3.3; F, 17.9; K, 33 . ■ 

Infra-red a sorptions at: 2.95 (s), 3.l(s), ...2(s), b.o(s), 

7.8-7.9(s), 7.15(3), 9.l(m), 

9.35 (s) , 10.4(a), 11.3(a) , 12.1-12.2(m), 
12.35/N 

'HNMR spectrum (Acetone solution): hit absorptions at 0.72 and 

1.21't'. Complex series of peaks in the region 
4.0 to 5. 5 *t associated v. r ith ring CH. Peaks due 


to CH ; groups obscured by solvent. 


13 


FNMR spectrum (Ace'tone solution): Two doublets centred at 

-38.8 6 (j=27 c/sec) and -41*6 S (J=18 c/sec) 
Preparation: Treatmerft- of 4,5-dimethox;/-2-nitriirLnoimidazolidine 

y 

with HNF 0 and H SO in the presence of 37/'’ 

<L 2 4 

formalin, or of 80^ K SO, 

c. *■ 4 - 


KeOCH-NH 

I / 

MeOCH-NH 


MeOCH-NH 


;C=M0 2 + KNF 


F NCH-NR 


^C=MO ? ; 14?: yield. 


with formalin, 
14? : yield, 
with 60?T H^30, 


10?: yield 

Reference: I.C.I. Progress Report No. 21, J ;ly 1 - September 30, 

I. 965 ; No. 22, October 1 - December 51, 1965- 
CCNFIDEirriAL 
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26. Ethyl N-dlf luoraainome thy 1-N-fluoro carbamate 


Structure: F^Ntf'^NECOOEt 

Physical State: Colourless liquid 

Analysis: Found: C, 31.3; H, 5.2; F, 27.7; N, 17.3/° 

requires: C, 27.9; H, 4.1; F, 33.1; K, 16.33° 
Infra-red absorptions at:' 3.0(s), 3.35(m), 5.9(s), 6.6(s), 

7.15(5), 7.3(s), 7.55(s), B.l(s), 

^ S.5(m), 9.15(s), 9.7(s), 'll.l(s), " 

11.45 (m) , 12.3 (s), 12.85(5), 13.6 (m)f\ 
Preparation: Reaction of HNF 2 and paraformaldehyde with ethyl 

N-fluoro carbamate in the presence of 9b% H 2 S0^ 

V2l 

NHFCOOEt + (CH 2 0 ) x + HNF^ F^Cf^NFCOOEt; 

25% yield 

Reference: I.C.I. Progress Report No. 14, July 1, 1962 - 

^ December 31, 1963. 
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Tris (difluoraminomethyl)urea 
Stru cture : (P KCH ) gNCONN CH,,!*? 

o 

Physical State: White solid, m.p. 70-74 (purified by 


Analysis: Found: 


sublimation at 100 C) 

C, 15. Q-; H, 3.5; F, 44.6; N, 27. 


or 

S/ 


C, H_F,-140 requires: C, 18.8; H, 2.7; F, 44.7; N, 27.4?t 

4 7 o 5 

Infra-red absorptions at: 2.5(ni), 6.0(s), j.5(n', 8.0(m), 

10.0(m), 10.9(s), 12.5(3), 12.9(a)/* 
Preparation: Action of excess HKF^ in the presence of c Jo c /: 

H2SO4 on crude N,N*-bis (metho:<c r methyl)uron 


NeOCH N 

2 | 

CH, 


0 

ft 

c 


0 


NCH 2 0Me (^CHp'gNCONHCHgN? 


CH. 


H 2 S \ yield 


Reference: I.C.I. Progress Report No. 12, July 1, 1962 - 

June 30, 1963; No. 20, April 1 - June 30, 19o5. 
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28. Ethyl N-difluoraminomethylcarbamate 


Structure: F^NC-I^NKCOOEt 


Physical State: Liquid 

Analysis: Found: C, 30.7; H, 4-8; F, 26.2; N, 18.0?, 

Calc, for C^HgF 2 K 2 0 2 : C, 31.2; H, 5.2; F, 24.7; N,.. 18.2> 

Infra-rad absorptions at: 2.95(s), 3.3(a), 5*85(s), 6.5(s), 

6.9(a) , 7.1(a), 7.5(a), 7.5(a), 8.0(s), 

8.45(a), 8.9(a), 9.l(s), 9.7(s), ll.O(s), 

11.4(a), 12.2(s), 12.8(a), 13.7(a)/': 

Other Properties: Did not give difluoraminomethyl ammonium ion 

on reaction with HC10, 

4 

Preparation: Reaction of on ethyl carbamate and paraformaldehyde 

in the presence of 96% h^SO^ 

K.SO, 

Nr4C00Et + (CH 0) + HNF — > F NCH NHCOOEt 

cL c X v ^ c ^ 

29?.: yield 

References: Aero jet- General Cor-p. Report No. 0235-01-12, 

Sept. 1 - Nov. 30, 1961. 

I.C.I. Progress Report No. 14, July 1, 1962 - 
Dec. 31, 1963; No. 16, April 1 - June }u, 1964. 
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1.2-Bis (difluoraaino)-1.2-dimethoxye thane 
Structure: CH^OCHN^CKKFgOa^ 

Physical State: Colourless liquid 

Analysis: Found: C, 25.3; H, 5.4; F, 39.5; N, 13. 5> 

C^ V M requires: C, 25.0; K, 4.2; F, 39.6; N, 14.6/t 
Infra-red absorptions at: 3.4(s), 6.9(s), 7.35 (s', 8.25 (s), 

8.7(s), 8.9(s), 9.65(s), 10.1(m), 
.10.4(b), 11.5(c), 12.1(s), 13.1 (b) , 
i3.9Mr. 

Impact Sensitivity: 40-60 cm ... 

Preparation: Reaction of KNF 2 with glyoxal tetramethylacetal in 

the presence of 96 >j K o S0 

C. It- 


Reference : 


CONFIDENTIAL 


(MeO) 0 CII H SO MeOCFtNP 

U \ * !ai? 2 -M I 2 ; yield 

(i;eO) 2 CH MeOCHNFg 

I.C.I. Progress Report No^ 10, October 1 - 

December 31, 1962 


CONFIDENTIAL 


Data Sheet 


N.N*-Bis (~difluoraiainoffieth.yl)-N-niethoxyurea 
S true ture : F^NCH^K ( OMe)CONH CH 2 NF 2 


Physical State: G-um 


Analysis: Found: C,22.7; K, A.5;^ ?, 31.?; N, 21.7; OCH^U.I# 

C 4 H q ? 4 K 4 0 2 requires: C, 21.3; H, 3.6; F, 34t6;^ N, 25.4; 0CH~, 14.3JT 
Preparation: Reaction of nethoxyurea with paraformaldehyde and 


HNF 2 in the presence of So% i'^SO^ 


lieONKCOHH^ + (Cii 2 0) x + HI<7 0 




F^KCHgN (0Me)C0mCH 2 NF 2 
Low yield 


Reference: I.C.I. Progress Report '<o . 12, July 1, 1962 - 

June 30, 1?C3. 
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Data. Sheet 

31. 1 , l-3is ( difluor r.aino ) -2 , A. s- trial tro-2 , A. 0- triazahep tane 

S true tur * : F^Cr^N (NO^CH^ (KOg ) CK^ (NO., ) Ci i i? 2 

Physical Slate: White solid, a.p. lab-7 (re crystallised from 

isopropanol) 

Analysis: Found: C, 15.^-; H, 2.7; F, 19. ; N, 31.7/t> 

M(ebullioscopic in acetone), 357 

C,H q F,N o 0. requires: C, 14.1; H. 2.4; F, 2 2.3; N, M, 340 

4 o 4 o b . 

Infra-red absorptions at: 6.3(s), 6.5 (m), 7»0(s), 7.15( ii 0> 7.85(s), 

7.95(s), 8.$5(a), 9.0(m), 9.9(m), 

^ 10.35 (s), 10. o (s) , 10.B(m), 12.4(m), 

' ^ 13.051m), 13. 25 (m) 

Preparation: Action of and 5‘b/o H^SO^ on 2,4,6-trinitro- 

2,4,6- triazaheptane-1, 7-diacetate: 

AcO j(v3i 2 r:(i. 2 )J Q! 2 PAc + HNF. F 2 N [cH 2 K(N0 2 )J-CH. 2 NF 2 ; 

S3v. yield 

Reference: I.C.I. Progress Report No. 20, April 1 - June 30, 1965. 
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Data Sheet 

32. 2-Difluoraainouutan-2-ol 
Structure: KeC(0Ii)NP22t 

Physical State: Colourless liquid 

Analysis: Pound: C, 38.5; H, 7.0; F, 30.1; N, 8.6>u 

C^H^F^NO requires: C, 38.4; H, 7.2; F, 30.4; K, 11. 2$C 

Infra-red absorptions at: 2.9(s), 3.35(s), 6.9(s), 7.l(s), 

7.3(s), 7.8(m) , 8.3(s), 8.5(s), 
9.5 (s), 9.7(a), 10.2(s), 10.4(s), 
11.4(s)^ 

Preparation: Reflux of HRF- over methyletl.yl ketone 


MeCOEt + HNF, 


MeCCQHjMPgBt 

Quantitative 


Reference: I.C.I. Progress Report No. 6, October 1 - December 31, 

1961 
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Data Sheet 

1 . 2-Bis ( difluoraniino)-! » 2-di ( me thanesuloi onanido) ethane 
Structure: (F^NCHKHSO^Me) ^ 

Physical State: Solid 

Analysis: Found: C, 18.0; H, 5.0; P, 20.65; N, 15«9; S, 23.0% 

C H F N, 0 S requires: C, 15 id; H, 3.1; F, 23.9; N, 17.6; S, 20.1% 
if lu a a- 4 ^ 

Infra-red absorptions at: 3.1 (e), 7.-V(s), 7.3(s), 7.65(s), 7.5(m), 

8.6 (s), 8.73 (e), 5.3U), 9.75(a), 10.33(a), 

* 10.7(5), ii. 4 (s), 11.7(5), 13 . 1 ( s ) , 

13.3(a), 1 4. 0(a) 

Preparation: Treatment of l,2-di(methanesulphonamido)ethane-l,2- 

diol with and' H o S0, : 

. d. £ If- 


H0CHNHS0 o Me 96% H o S0 F NCKKHSO Me 

| 2 + HNF — ■ ■ - y 2 | ; 78% yield 

HOCHNHSO^e * FgNCHNHSOgMe 

Reference: I.C.I. Progress Report No. 21, July 1 - September 30, 

1965. 
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Data Sheet 

N . N* -3is (2,2,2- tribromo-l-dif luoraminoe th.yl) urea 
Structure: (CBr^CHNr^NH^CO 

Physical State: Prisms, m.p. 145°, recrystallised from ethanol 

Analysis: Found: C, 8.5; H, 0.75; Br, 65.0; F, 11.2; N, 9.S# 

C^H3r^N^0 requires: C, 8.7; K, 0.6; 3r, 69.4; F, 11.0; N, 8.1# 

Infra-red absorptions at: 2.90(m), 3.0l(s), 5.97(s), 6.0C(r), 6.54(s), 

8.07(a), 8.33(d), 8.70(m) , 9.17(b), 9.8o(m), 
10.8(b), 11.76(s), 12.8 (s ) , 13.9(s )f. 

Other Properties: No replacement of bromine by KF^* NO^ or 0N0 2 .on , 

further treatment with HgSO,,., HNF^HSO^P, 

As $10 p or AgNO^ . 

Preparation: The reaction of bromal, urea, HNF« and 96# H o S0, 

* ' 

H 2 S i 

CBr^CHO + 8NF 2 ■+ Nb^CONH^ - - - > CBr^ CHNF 2 NH C ONH CHNF 2 CB r^ ; 

41# yield 

■: / : - 

Reference.; I.C.I. Progress Report No. 22, October 1 - Deceuoer 31, 

1965. 
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Data Sheet 

N t N* -Bis (2,2.2- trichloro-l-difluoraminoeth.yl)urea 
Structure (CC^CH^NH^CO 

- o 

Physical State: Prisms, m.p. 160 , re crystallised from ethanol 

Analysis: Found: C, 14.9; H, 0.93; Cl, 44.1; F, 16.6; N, 16.5?. 

C_H. C1,F, N, 0 recuires: C, 34.2; H, 0.95; Cl, 49.8; F, 18.0; N, 23.3# 

5 4 4‘4- 

infra-red absorptions at: 2.90(a), 3.01(s), 5,.97(- c '>)> 6.25(a), 6.52(s), 

8.3 (a) , 9.2(a), 9.9(a), 10.9(m), 11.8-il.9ts) ," 
12.8(s) , 13.9(s)f\ ; 

Other Properties: No replacement of chlorine by NF 2> ^2 or ®^®2 ° n 

further treatment with r/ll&fc H 2 30^, ^^ 2 ^ ^O^F, 
AgN0 2 or Ag!;0^ 

Preparation: The reaction of chloral, urea, HNF 2 and 984 H 2 SO^ 

H SO, 

CC1-CH0 + HH? 0 + NH,,C0NK -—-4 CC1 7 CHN? 0 NHCONHCHNF 0 CCI : 

1 2 '2 2 3 2 2 3 

2^o yield 

Reference: I.C.I. Progress Report No. 22, October 1 - December 31, 

1965. 
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Data Sheet 

l»3-~ > is (difluoraminomethYl)-4.5-difIuoriirdnoinida2oIidin-2-one 
Structure: FN=C-N’-CK„NF„ 

I >0^ * 

FN^C-N-CH NF 

Physical State: m.p. 162-4° (re crystallised from EtOH) 

Analysis: Found: C, 21.7; K, 1.9; F, 41.8; N, 30.4& 

C 5 H 4 F 6 N 6° re: 3 uires: c > 21 * 6 ; K » 1*4; F, 41.0; N, 30.2# 

Infra-red absorptions at: 5.6(s), &.2(s), 7.2(s), 7.7(a), 8.5.5 (b), 

- . 9.7(m), 9«8(m), 10.0(m), 10.25(s), 10.8(s), 

11.2(m), 11.8 (b), 12.0(s), 12.2(b)-, 12.4(b) 

12.9(b), 13.3(m)f\ 

'HNMR Spectrum (MeCN solution): Triplet centred at 4.41 (J=24 c/sec) 

19 

FNMR Spectrum (MeCN solution): Single peak at +31.4 6 (C:NF), 

triplet at -44.0<J(js24 c/sec) (CH 0 NF_) 

/• <- A 

Other Properties: ^ H f2 98 ca l°* “32.7 kcal/mole. Monopropellant . 

S.I. 245 calc. 

Preparation: Action of HC1 in aqueous acetone on 4,5-bis- 

(difluoramino)-l,3-bis (dif luor.a\rdnomethyl)imidazoLidin- 

2-one k 

? KCH-N-CH NF rt FN; CH-IJ-CH.NF. 

i >0 2 ^ ~ ^ | ^GO Z 2 ; 1 % yield 

? 2 NCH-N-CH 2 NF 2 'FKzCH-Ii-Oy-IF 

Reference: I.C.I. Progress Report :.'o.l6, April 1 - June 50, 1964; 

No. 23, January 1 - March 31, 1966. 
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37. 


Da a Sheet 


4.5-Bis(alfluoramino)-1.3-diformyliaida2oIldine 


Structure: 


F o NCH-N-CK0 
I ^CH 
F 2 NCH-N-CH0 


Physical State: White solid, m.p. 118°C 

Analysis: Found: C, 25.5; H, 3.0; F, 31.5; N, 24. 1& 

C^H.F, N. 0_ requires: C, 26.1; M, 2.6; F, 33.0; N, 24.3^ 

5 6 4 4 2 

Infra-red absorptions at: 3.4( s )» 6.0(s), ^.9(s), 7»3(s), 7.5(m)» 

7.6(a), 7.;>(ffl), :.4(n), 10.9(b)", 11.4(m), 
12.0(b), 12.8(b), 13.1(b), 13.7(b), 14.1(b)J»\ 
Preparation: The action of HNF2 an d H^SO^ on 1,3-diformyl- 

4 , 5- di hydr o xy i mida zo li di ne 


HOCH-N-CHO HNF F NCH-I^CHO 

| ^CH | ^CH ; 20f- yield 

HOCH-N-CHO 24 PgNCH-K-CHO 

Reference: I.C.I. Progress Report No. 16, April 1 - June 30, 1964 
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Data Sheet 

33. 4»5-lis (difluoramino)-1.3-bis(difiuoraainonethyl)imidazoIidin-2-one , 

( 3DMBDI ) 

\ Structure: ?„NCH-N-CH 0 NF 0 

\ ‘ CO 2 ? 

?,NCH-N-CH3T._ 

6 2 2 2 

| ' 

Physical State: Liquid 

Analysis: Found: C, 18.9; H, 2.0; ?, 4 7.3; K, 2b.6j£; 

! iV (ebullioscopic in acetone), 324. 

C 5 H 6 PqN 6 0 requires: C, 18.9; H, 1.9; F, 47.8; N, 25.4; M, 310 

' / K 

Infra-red absorptions at: 3.3(w), 5.6(vs), 6.9(vs), 7.0(s), 7.3(s), 

7.6(w), 8.0(s), 8.4(w), >-.3(w), 9.7(m), 

4 . .10.0(a), 10.7(s), 11.4 (s), 12.2(s), 

13.3 (w), 14.4 (h), 16.4 (w), 20. 0 (w )r. 

*KNMR Spectrum (CCl^ solution): 15 peaks in the region 4.15 to 5.72 'fc 

consisting of a triplet due to the magnetically 

? equivalent hydrogen nuclei on the CH 0 groups, and 

V 

a pair of sextuple ts due to e magnetically non- 
equivalent ring CH- rings. 

19 

FNMR Spectrum (CCi. solution): Doublet centred at -30.55j=l8 c/o6t. 

4 

(CHNF^)* Triplet centred at -43.2 5 , J=21 c/sec 

... . .... - 

(CHpNF Doublet: tr Inlet in 1:1 ratio. 

I 2 ^ • 

. 

Impact Sensi+lvity: 5-10 cm 

f Explosion Point: >250° C (volatilisation occurred above 140°c) 
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Lata Sheet 


39. l«3-3is(difluoraainomethvl;i;.u.da2olidin~2-one 


r 


-1 


Structure: CH 0 N ( CH _NF_ ) CON ( CH 

*- c. £ cL c. CL 


Physical State: Yellowish liquid 

analysis: Found: C r 28.2; H. 5.3; F s 52,8; K, 25. 9^ 


WA° requires: C, 27.8; H, 3.7; F, 35.2; N, 


Infra-req absorptions at: 5.0(w), 3.5W, 5.85(s), 6i#5(s), 7.0(s) ? 

' V 7A(m), 7.9(a), 10.0(w), 10.4(w), ll.l(s), 

12.35(5) , 13.3 (w)^ - 

Other Properties: Vacuum Thermal Stability 0.3 ml/s^lOO hr at 60°C 


Preparation: The reaction of HNF^ with a- mixture of imidazolidin- 


2- one and paraformaldehyde in the presence of 96j£ H^SO^ 


ch -nh 

I _>C=C + (CH 0) + HOT, 

dl 2 - 5iH d i 


H SO CH -N-CH NP 

2 | 2 >=6 2 

ch 0 ~n-ch_nf_ 
2 2 2 


approx. 50 yield 

Reference: I.C.I. Progress Report No. 14, July 1, 1962 - 

December 31, 1963; No. 23, January 1 - March 31, 1966. 
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D^ta Sheet 

4-0. Te trakis ( lif luoraminops thyl) urea 
S true ture : (F^NCHg ) gKCON ( CH^NF^ ) g 

Physical State : Colourless liquid 

Analysis: Found: C, 18,5; H, 5^3 J F y 43.1; K, 25.9 a- 

C 5 R 8 F 3 N 6 0 requires: C, 18. 7; ‘ H, 2.5; F. 47.5; F, 26.2$ 

Infra-red absorptions at? 2«9(w). 3.3(w)-» 5.8(s), 6o5(w), 6.8(m), 

7*0(m), 7.l(n), 7.3 (o), 7.7(m), 8.0(s), 

•'8.3(a), 9.l(n), 9.6 (b), 9.3(b)', 10. 4 (m),, 

lC a 8(s), 12.l(s), 15cl(m)^. ; 

Other Properties: AH^og calc. -114.8 kcal/raole. Monopropellant S. I. 

265 calc. 

Preparation: Action of excess HNF 0 under autogenous pressure in 

'' the presence of H^SO^. on NjN’-bis^ethoxymethylJuron 


Me0CH o N‘ 

C - 1 


NCHpOMe 

I 2, (P,NCH ) KC0!1(CH N? ) ; 

' CH 2 ~K m yield 


Reference: I.C.I. Progress Report No. 12, July 1, 1962 - 

June 50, 1963. 
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Data Sheet 

41* l~D if luor a. :ino cyclooen ban -1-oi 
Structure: 

k/X 

Physical State; White solid, nap, lO^C 

Analysis: Pound: C.-U.7; H, c.4; ?,/24. 6; N, , 

SW° reouires : C, 43*3; H, 6.6; F, 2?*7; K, 13.^ 

Infra-red. absorptions at: 2,9.(s), 3*35(s), 5.45(a), ?;!(»), 7»5(s). 

j / _ 

j: - 7.6(a), 8.2(m) ? 0*6(s), 9d(m), 10*4(m) , 

10 o 6(m), n*6(s)f\ 

Preparation: Refl uxing HNFg ° n cyclojj.entanone 



0 + HNF, 



; Quantitative 


Reference: I<C 0 I„ Progress Report No* 6, October 1 - December 31, 1961; 


i 

d 


CONFIDENTIAL 



CQNFi DKNTIAL 


5 4 

Data Sheet 


42. 4-PifIu o a ill no- 5- e th oxv- 2- ni trimino iai da z o Udine 


Structure: EtOCH-NH 

\ 


nJm-i 


f 2 nch-nh 


^c=nko 2 


Physical State: White solid a.p. 173 (decomp.) 

Analysis: Found: C, 26.1: K. 4.0; F, 17-0; N, 30.4; EtO, 20.1# 


C c H o F.N.0- requires: C, 26.,; H, 4.0; ?, 16.9; N, 31.1; EtO. 20.0# 

0 7^0 } ^ 


infra-red absorptions at: 2.95(s), 3*l(s), 6.3 (s), 6.5(s), 7.4(m), 

7.6 (m), 7.8(s), 8.l(s), 8.6(w), 9.0(s), 
9.3(s), 9.8(w), 10.3(3), 11.5(4, 12.i(m), 
12.3 (m); 12.8(d) , 13,3 (w)f*. 

Preparation: Actioriof HSF^ and 80# on 4, 5- diethoxy- 2- 

nitriminoimidazolidine : 


EtOCH-NH 

I > 

EtOCH-NH 


/C=NN0 2 + hn? 2 


P-NCH-NH 

I >CSNN0 9 ; 


,, EtOCH-NH 


z 14# yield 

Reference: I.C.i. Progress Report No. 23, January 1 - March 

i 31, 1966. 
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N A N* -Bis ( u±f luoraainoae Jr/l) -N-e thy lures 

Structure: FgNCH^NEtCONHCH^NFg . r 

Physical State: White* hygroscopic solid r n^p* 5--53°C 

Analysis: Found: C, 28.1; H, 4.3; 7, 31.9; K, 26.3% 

C c H 1A F. ft. 0 requires: C, 27,5} ft, 4.6; F, 34.9; N, 25.7% 

5 10 4 4 

Infra-red absorptions at: 2 e 95(s), 6.05(s), 6«,55(s), 7.95(s), 

; 4 9.1(a), 10.0(s), ll.O(s) , 12«33(s) , 

13.0(a), 13.7(n)/\ 

Preparation: The reaction of HKFg -with a mix'.uie of ethyl urea 

and par formaldehyde in the presence of 96% ' 

v v ■■ K pS?. . , 

, EtKHCOKh ? + ( CH 2 °^x + ffi ^2 P^CHNE tCONKCHgNFg 

v 81% yield - 

SefS^nce: I.C.I. Progress Report No. 11, January 1 - March, 

31, 196.3. 
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;aminoe 


Structure : MeCK (NF JNHCQNHCH (NP JMe 

c <s 

Physical State; White solid, aup* 125° (dec*) (recrystallised 

from EtOil/li groin) 

Analysis; Pound; C, 25*9; H, 5.0; P, 35.4; N, 26.3^ 

■b c H.^P,N J 0 requires: C, 27*5; H, 4.6; P, 34.9; N, 25.7% 

P W 4- 4 

Infra-red absorptions at: 3*0(s), 6.1(s), 6.5(s), ?.7(w), 8.0(m), 

8.6(a),. 8.9(w), 9*3 (w), 10.2 (b), 11.8(s)j* 
Preparation: Reaction of urea with paraldehyde, HNFg and S6% H^SO^ 


NH 2 OONH 2 + (MeCHO) '•+ HNF 2 


H 2 S i 


HeCH (NP 0 )NHCONHCH (NF-)Me • 


\iu’2/*v* w 

195S yield 


2' \: 


Reference: I.C.I. Progress Report No. 15, January 1 - March 31. 

1964. 
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Rata Sheet 

k?j . 1 . 2- Vis (difluor MHH-no )-1 , 2-dioxaaidoethane 

Structure: (FgNCHNHCQCOQH^ 

Physical Szute: White solid, m.p. 1 j 0° (dec.) 

Analysis: Found: C, 23.6; H, 2.2; F, 2 2.7, N, 17.4£c 

C.H^F.iiO,- requires: C, 23.3; H, 2.0; F, 21-.8; N, 1S.3J* 

b b if 4- o 

Infra-red absorptions at: 2.95(s), 3.0(s), 5. 7 (s), 5.9(s), 6.5(s), 

7.65(m), 8.0(s), 9.0(w), 9.8(w), 10.73(m), 

11.55(m), 12* 2 (w), 13*3 (n»)> 15.8(m)f. ^ 

Preparation: Reaction of l,2-di(sodio-oxanido)ethane-l,2-diol 

with MNF 0 and H_S0 
a 2 A 


+ hnf 


-H 2 so. 


FN CHI'R I C0C00H 

? I » 

F^ICHNHCOCOOH 


HOCHNHCOCOONa 

I - 

HOCHNHCOCOONa 

Reference: I.C.I. Progress Report No. 13, January 1 - March, 

31, 1965. 


56$ yield 
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Data Sheet 

^ 2 “* i ^ s 1 Tifluo ramno)-! , <^— bis ( trifluoracetanido) ethane 
Structure: (F o NCHNHC0CF, ) 


Physical State: White solid, m.p. 183-5° 

Analysis: Found: * C, 20.1; K, 1.3; F, 53.9; N, 15.5,^; 

M(ebullioscopic in acetone), 338 


C 6 H 4 P lo\°2 require * : C » 20 -5»* : H, 1.1; F, 53.7; N, 15.8ft M, 354. 


Infra-red absorptions at: 3.05(s), 5.9(s), 6.55(m), 8.l(m), 8.3(s), 

8.55 (s), ll.l(n), 11.95(n»), 13.3 (b), 
13.8-14. 0(q)^ 

Preparation: Reaction of 1,2-bis (trif luoracetaraido) ethane- 1-, 2-diol 


with KhP.. and H_S0, 
^ d 4 


KOCHNHCOCF, 


H SO. F^UCKNHCOCF 

| ♦ HNF 2 | 3 ; 72^ yield 

HOCHNHCOCF^ F^JCliNHCOCF^ 


Reference: I.C.I. Progress Report Wo. 20, April 1 - June 30,.19o5 
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i-Bis (uif luoramin6)-l-difluoraminometh.y , I-3- >2.-?. C4 t^T’dtrpe thyl)- 


imidazoiidin-2-or.e (3DTl ) j 

Structure: F NCH-NCK NF . 

1 ;co^ 1 ^ 

P 2 NCH-NCH 2 C(N0 2 ) 3 

Physical State: Crystalline solid, m.p. 86-87° (rccrystallisea 

from CCl^) 

Analysis: Pound: C> 17.5; H, 1.4; F, 27.1; N, 26.5$ 

- , ... .. _ .. .. .. 

C 6 H 6 ? 6 N 8°7 reQuireS: C * •*-+» 27.4; N, 26*!$. 

Infra-red absorptions at: 5.6(s), 6.2-6.3(s), 6.9-7.l(s), 7.7(s), 

8.l(s), 9.4(m), 9.8(m), 9.95(m), 10.l(m), 
10.8(s), 11.4(s), 11.6 (s), 11.75(s), 
12.2-12.3Cs)> 12.85(s), 13*0(s ty* 

'•HNMR Spectrum (CDCl^ solution): 16 peaks in the region 4.03 to 

5.68 ^ consisting of a singlet due to the hydrogen 
nuclei of the CH 2 C(N0 2 ) 3 group, a triplet due to 
the hydrogen nuclei of the CH 2 K? 2 group, and a pair 
of sextuple ts due to the magnetically non-equivalent 
ring CH-rings. 

19 - - - 

PfBS Soectrun (CDC1, solution): A triolet centred at -28.8 S, 

' 3 

J=21 c/sec; a doublet centred at -31. 66, J=12 c/sec; 
a triplet centred at -43. &S, J=24 c/sec; three 
groups in ratio 1:1:1, assigned to I»P 2 groups on 
positions 5, 4 and 1 respectively. 
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47. 


(contu.) 

Impact Sensitivity: 5-10 cm • ■ 

Other Properties: ^^298 ca ^ c * “150*0 xcal/ mole* Monopropellant 

S.I. 263 calc. Vacuum Thermal Stability 
0.3 ml/t/lOO hr at 60° 

Preparation: Action of HNF 2 and 96# H 2 S0^ on 4,5-dimethoxy- 

1-oe thoxyiae thy 1-3- (2,2,2- trinitroethyl)imida 2 oli din- 


2-one : 


MeOCH-N-CH -OR 

| >0 2 

Me0CH-N-CH 2 C(N0 2 )^. 


+ HNF. 


h 2 S0, 


P 0 NCH-N-CH.NP^ 
2 1 > 2 2 


P 2 NCH-N-CH 2 


2 '3 


R-H, 74^ yield 
R=Me, 32^ yield 


Reference : 


I.C.I. Progress Reports No. 20, April- 1 - June 30, 
19^5; No. 21, July 1 - September 30, 1965; No. 23, 
January 1 - March 31, 1966. 
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Data Sheet 


48. 2,3 .5 « 6-T e tr aki s ( difliforamino) - 1.4- <UformYinip.era.gine 

Structure: 


CliO 


f 0 n^t" 

I 

F 2 ’kCH 


N. 


HCNF 


hJnf 


' - V : t ‘ '' - - <f . ' 

c * - 

V - ;CHO _ ' 

Physical State: White solid, m.p. 171-2°C, purified by dissolving 

in acetone and reprecipitating with water. 

Analysis: Found: C, 21,5; H, 1,8; F, 43.3; N, 23.4^; 

c M(ebullioscopic in acetone), 342 

C-H 6 F & N 6 0 2 , requires: C, 20.8; H, 1.7; - F, 43.9; N, 24.3?S; M, 346 

Infra-red absorptions at: 3-3 ( s), 5.75(s), 6.9(m), 7.0(m), 7,5(m), 

7.8(b), 8.1(s), 9.8(s), 10.3 (w), 11.2(s), 

/ ^ 12, 0(w) , 13 . 6 (w) , 34.75(*)f\ 

'HNMR Spectrum (Acetone solution): Singlet at 1.09 X (CHO) ; Triplet 

at 3.68*, J=23 q/sec (ring CH). Each peak split 

into doublet, J= 4 c/sec. 

•_ . ........ 

"FNilR Spectrum (Acetone solution): Complex spectrum between -40.9 5 

and -36.3 6 


19_ 


Impact Sensitivity: 5-10 cm 

Explosion Point: 202°C 
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CONFIPENfl-AL 


Other Properties: 48^ cUo. -71.2 kcal/oole. Kohcpropellant 

S.I. 250 calc. Decomposed by refluxing with 
EtOH, alone or with HC1, also by reaction with 

NH 3 . Unchanged by HNO^ in CP^ COOK. Unidentified 

products from attempted reduction with Na :, H 

“4 

^ ' in H 2 ° s and from action of HCIO^. Cyanogen 

bromide did not react. Vacuum Thermal Stability 
Test, 0.5 mi/g/lOO hr. " 

Preparation: (i) Seaction of 1 , 4- dif o rnyl-2 , 3 , 5 , 6- te tra hydroxy- 

piperazine with jINP, and cone, acid: 


ROCK HCOP 

l I 

KOCH HCOH 


F HCH liCNF ®° 3 P ^ 

2 I | 2 # 2Cfo oleum 69 $ 

i I ) tto a ro rrwif 


HCOH a.ci& pjtfCH HCMP ’ HS0 ^1 52% 


2 S0„ 

3Wo 
NaF 


(n) Reaction of l,4-diformyl~2,5,5,6-tetraaceto- 


piperazine with HNF„ and H S 6 

2 2 4 


AcOCH HCOAc 

Acoli H(loAc 


in<? ? 

vt 


P^'CH. HCNP 

I I 2 

p 9 nch HCN?„ 

2 2 


13% yield 
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48. (contd.) 

Reference: I.C.I. Progress Report No. 16, Anril 1 ■* June 30. 1964; 

No. 17, July 1 - September 30, 1964; No. 18, January 1 - ,/ 
December 31, 1964; No. 19, January 1 - March 31; 1965; 

No. 20; April 1 - June 50, 1965. 
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4-9. N-Pjf luoi-aminotaethyl-N *-(2,2, 2- trinitroethyl)uron 
Structure: „ n 

► UV\ 


f 0 nch 0 n nch 0 c(no ) 

22 , ,2 23 

' CH,. 

' 0 ^ 2 


H?C 




Physical State: .'/hite solid, m.p. 83-85 (recrystallised from 

i-PrO T {) 

Analysis: Found; ' C, 22.2; H, 2.1; F, 9.7; N, 2 <+.5$ 

-C,H q F o N.0 q requires: C, 21.8; H, 2.4; F, 11.5; N, 25. i# 
b o £ o o 

Infra-red absorptions at: 6.0(s), 6.3(s), 6 e 7(s), 7.3(w), 7.55(m), 

7.7(m), 8.3(w), 9.0(v;), 9.65(w), 9.8(w), 

10.U-(\v), 30el5(w) ? llcl(m), ll.b(m), 

12.4(m), 12. 6 (o), 13.0(w), 13.4(0)/*. 

•HNMR (MeCN solution): Triplet at 5-08T (j^. f =24 c/sec), peak 

2 2 

at 5e01t (uron ring CH 2 ) and peak at 4. 80 “V 


19. 


JcHgCCNOg) , in ra 


tio 1:2:1 


FNMR (MeCN solution): Triplet at -44.5 S (J^ = 24 c/sec) 

Explosion Point: 153° 

Other Properties:. Vacuum Thermal Stability 4.7 ml/ g/ 100 hr at 60°C 
Preparation: Action of HNF 2 and 96$ I^SO^ on N-methoxymethyl- 

N'-(2 ? 2,2-trinitroethyl)uron at -23° 
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49. (contd* ) 




,C0. 


>-VV y 

MeOOUT 'NCH ? C(N0 o ) 3 w P^iCI^N V NOT 2 C(K0 2 ) 3 

v^A " -** A A 


Reference : 


47/- yield 

I-C.I. Progress Report No* 2j } January 1 - March, 
31, 1966. , 
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50. Tris (dig luoraainomethyl) trinitroethylurea 
Structure: (F 2 NCH 2 ) 2 NCON(CH 2 NF 2 )CH 2 C(ri0 2 ) 5 

Physical State: Colourless viscous liquid 

Analysis: Found: C, 16.7; H, 2*1; F, 24*0; N, 26.3$ 

C 6 H 8 F 6 N 8°7 re( i uires: c > !7.2; H, 1.9; F, 27.3; K, 26. S$ 

Infra-red absorptions at: 3*4(. ), 3*5(ra)* 5»3(s), 6.2-6.4(s), 

6. 9(s), 7.1-7.5(s), 8.1(s), 8.45(a), 
9.2(s), 9.6-10.0(s), 10.6 (s), 10.75- 
ll.G(s), 11.5 (s), 11*75 (ra) , 12,-12.5(0) ? 

15. 75 ("Of, 

Preparation: Action of HN? 2 and 96$ H 2 S0^ under autogenous pressure 

at room temperature on » T -metho3yn9thyl-N'-(2,2,2- 
tr ini t r o e thyl ) ur on 


/ C0 \ 

■lieOCHgN Nar 2 C(N0 2 ) 5 im 


h 2 C N 0 ^ CK 2 


H 


so? (F 2 NCH 2 ) 2 NC0N (Oi^IPg) CH ? C (N0 ? ) . 


2 4 


Reference: I.C.I. Progress Report No. 23,. January 1 - March 

31, 1966. 
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51. 1 , 1 , 4.4-Te trakis ( dif Xuoraaino ) cyclohexane (TDC ) 

Structure: 


& 






HF a 


H r x 


Physical State: White solid, m.p. 107-108 C 

Analysis: Found: C. 24.8; H, 2.8; F, 58.8; I.', 19. 8 # 

Calc, for C/r’FJi : C. 85,0, H, 2,8; F, 52.S; K, 1>.5£ 
o c o 4 

Infra-red absorptions at; 3. 4(s), 6.3(c), 7.2(a), 9<7(m), 9.9(n) 

10. 2 (s), 10.9 (s), ll.l(s), 11.4(s)f. 
'HNMR Spectrum ^CDCi- solution): Single peal; at 7.61? 

1 "FT4IR Spectrum (CDCl^ solution): Single peak at -2?. 4 & 

Impact Sensitivity: 5-10 cm 

■ ' -'S--'-- ' ,, o 

Explosion Point: Decomposes without explosion at 2oo C 

Other Properties: Vapour pressure: - 


15°C 

7.3 am Hg 

45°C 

9. 

0 mm Hg 

25 

7.3 

55 

0 
«/ • 

8 

35 

8.3 

65 

11 . 

2 


Heat of vaporisation: 2 kcal/nole 

Density; 1.7 g/c.c. 

U.V. absorption; = 210 mp- 

Very soluble in nitroglycerine 

Attemtps to brominate, chlorinate and oxidise 

TDC were unsuccessful. Tdc * 7 as resistant to 

alkali. 

calc, -55.4 kcal/mole 
COh'FIDShTIAL 
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(contd. ) 
Prepara ti or : 


Reaction of cyclohexane-1, 4-dione with 'INF 

2 

in the presence of IT SO, , HSO,F or HS0,C1 

2 4 3 3 



+ HNF, 


yield 


References: Rohm and Haas, QPR P-61-6, January - March, 1%1 

I.C.I. Progress Report No. 4 , April - June, 1961 
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52 . 2.3.5. Ne Irak i s ( dif I u or a mi no ) - 2 , 5 , 6- dine thyldi o>:an 


s Structure: 


^ .o &- 


ru 


‘A'°yfx 
fcW -L o fvH-L. 0 A^x 


■a" - w x 

Physical State: Pale yellow liquid 


ru. 


Analysis: Found: C, 23.1; H, 2„5; F, 46.3; N, 17. 5; 

M ( Cas Density balance), 30 7 ....... 

C,H q F d N, 0, requires: C, 22.5,- H, 2.5; F, 47.5; N, 17.5^. M, 320 

bo Oi+Z 

Infra-red absorptions at: 3.4(w), 6.9(w), 7*2(m), 8.l(m), 8.4(s), 

8.8(a), 5.2(m) , 9.8(a), 10.l(s), 10.6(a), 
11. 3 (s), 11.7(0)^. 

Impact Sensitivity: 5-10 cm 

Preparation: Reaction of HNF;, with monometnyl glyoxal in the 

presence of HSO^F 


HS0,F 


He. 

O 


MeCOCHO + < HNF„v 


£ l-m 


rif. 


a. or isomers. 


I V — ux iournci, 

25 % yield 

Reference: I.C.I. Progress Report No. 15, July 1, 1965 - 


Seot ember 30. 1963. 
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<x uU 


Sheet 


5^* 1 » 2— Di g >--• e ■ ta:.n. lo~ 1 , 2— b 1 s ( di riu ora cii no ) e thane 


Structure: (? 2 l{CHliHAcj 


Physical State: v/hite solid, n.p. 194°C 

Analysis: Found: C, 28.5; H, 4.2; F, 29.1; N, 21 . So' 


C 6 H 10 P 4 N 4°2 reqUireS: c > 29.3; K, 4.1; F, 50.9; K, 22.8^ 


Infra-red absorptions at: 3.0(s), 3.4 (g), 6.0(s), 6.5(s), 6.9(s), 

7«3( s ), 7.3(s), 8 . 6 (m) , 8 . 7 (m), 9.7(m),H 
10.3 (m;, 11 . 2 (n), 11 . 5 (s), 12 .l(m), 

13.3 (=s), 13. 9 (n)^. 

Preparation: Reaction of HNF^ with 1,2-diacetamidoethane-l, 2 -diol 

in the presence of 36 ^ 


HOCHNHAc H SO 

| + HNF 

HOCHNHAc 2 


FJICHNIIAc 

j ; 1 % yield 


F^CHNHAc 


Reference: 


I* C*I. Progress Report Ho. 15, January 1 - March 
31, 1964; No. 16 , April 1 - June 30, 1964 . 
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55. 1 , 2-Di , c\ id o,T.othoxya;gino)-l,2-bis (difIuora:ano)ethr.ne 

Structure: (?,, NCKIiK COOIie ) 0 "i 

C c - 

Physical State: V/hite solid, m.p. 222-4° (dec.) (recrystallised 

from ethar.ol/ii groin) 

Analysis; Found: C, 26.4; H, 3.5; F, 27.7; K, 20.2; OCH^, 22„8/o 

,F, N, 0, requires: C, 25.9; H, 5.6; F, 27.4; K, 20.2; 
b 10 4-4 4 

OCR-, 22,3/i 

, y 

- Infra-red absorptions at: 2.95(s), 5.9(s), 6.6(s), 6.9(m), 7.55(s), 

' ct : 7»8(s), 8.2(m), 8.5 (w)j 9.4(m), 9.65(m), 

9.85 (w), 10.5(v. ; ), 11.1(a), 11 . 65 (s), 

12.1(a), 12.8 (g), 13.5(m)J\ 

Preparation: (i) Action of HNFg and 96/fc l^SO^ ° n 


( curbomethoxyamino )-l , 4-dioxan : 

.O HJ3G 

, 0 >/V//coor^ 

(ii) Action cf HN? 9 and 96 % SO^ on 1,2-di- 
- ( carl omethoxyaminc ) e the ne-1, 2-diol : 


^ ^ «* yield 

L. -p tjqj. 


P 2 i:CKKHC00Me 


ii-vfer-sneo: 


HOCHI^CCOMe H o S0, FJ'CHKKCOOMe 

| 4 -Mt - | 

HOCKIiHCOOLie . . FpIiCm^COOMe 

I.C. i. Progress 3e.,crt bo. !>-, January 1 - larch 
51, 1965 . 
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^"Tetrakis (dif luor amino)-l,4-di(me thanesulohonyl)pioera 2 i> 
Structure: 


ie 


SO Me 

1 & 

.N\ 


FgNCH 


HCNF, 


F„NCK 

2 'v 


KCNF, 


'N 

1 


S0 2 Me 

Physical State: a„p. 235*“240°C (decomp.), recrystallised from 

acetonitrile 

Analysis: Found: C, 16. 0; H,2.7; F, 35.4; N,^8.5; S, 15.2& 

C 6 H 10 ? 8 I ' I b°4 S 2 requires: C -* l6a ; H > 2 * 2 J p > 34.1; N, 13.8; 

S, 14.4# • 

Infra-red absorptions at: 7.l(m), 7.3(s), 7.6(a), 7.7(s), 8,10,' 

8 . 6 (s), ?. 2 (s), 9 . 9 (m), 10 . 2 (s), 10 . 3 (s), 
10.4 (s), ll.O(s), 11 . 3 ( 5 ), 11.6 (s), 13 .l(s) 
14o85(s)f^. ^ 

' ' HNMR (Acetone solution): Triplet centred at 3.95 r, J=21 c/sec 

(ring CH) 

19 

FNMR (Acetone solution): Pair of doublets at -41.3 $ (J=12 c/sec.) 

and -38.7 S(J=12 c/sec) 

Impact Sensitivity: 20-40 cm 


Explosion Point; >250 C 
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(contd. ) 

Other Properties: Unchanged by HN0^/(CF,C0) 2 0, Raney nickel, 

NaBH^/H^O, or cyanogen bromide 

Preparation: Action of HNF^ H 2 S0^ on 2,3,5,6-tetrahydroxy- 

1 , 4-di ( me tha ne s u lph o nyl ) pip era zine . 


SO Me 
» k 

HOCH HCOH 

L l 

HOCH HCOH 


+ HNF. 


2 0. 


SO Me 

t 2 

-N ^ 


H„SO. PJICH 


HCNF, 


HCNF 


QU.% yield 


S0 2 Me 


S0 2 Me 


Reference: I.C.I. Progress Report No. 18, January 1 - 

December 31, 19£>4j No. 19, January 1 - March 31, 1963. 


1 
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57* 2.0-3:15 ( uif iaorami.no )-»3 , b-dihydroxy-l ..V-oi ( me thanesul nhonvl ^ - 


piperazine 


Structure: 


SO .Me 

» 2 


Hof |i'?F 9 


FpN^ y>OH 
N 


SO^Me 


Physical State: Crystalline solid, m.p. 188° (decomp,) 

(recrystallised from UeCIJ, EtCCi) 

Analysis: F>und: C, 19.8; H, 3.5; F, 21.6; II, 1,.2; 3, 18. 1^ 

C 6 K 12Wo S 2 requireS: C, 19.2; H, 3.2; F, 20.2; N, li.9; S, I7„C^ 
Infra-red absorptions at: 2.85(s), 6.9(s), 7.1(n), 7^5(s), ?.55(s), 

7.9(s), 8.4(s), 8.7(s), 9.1(s), 9.3(s), 
10.2(m), 10.35(s), 10.85(s), 11.45(3), 
12.9(s)f. 

Other Properties: Forms adduct ?,rith dioxan. Converted to diacetate. 

m.p. 210-220 ( decomp.) and to tetrakis- 

(difluor amino) derivative. 

Preparation: Treatment of 2.3 ,5, o~tetrahydroxy-l,4-di (methane-- 
s tlphonyl) piperazine with I2IF 0 and 809 l H„SO, 

2 i L 


COr.’FIDSbl'XAL 


CONFIDENTIAL 


57 . (contd.) 


Reference: 


SC Me 

! ^ 


KOf' 


X 


76 


!!C\ / 
N 

t 


OH 


OK 


SO _Me 

. 2 


8# H_SO FJ 


A 


+ HNF 


2 


HO 


MTV 


SO^Ke 


k /OH 

N 

t 

S0 2 Me 


565 ' yield 


I.C.I. Progress Reports No. 20, April 1 - June 30, 
19 -5 ; No. 21 , July 1 - September 30, 1965 . 
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58. 2-Difluor^ t jdno-I.l-aiethoxv?ropan-2-oi 
Structure: (EtO^CHCCOlOKFgMe 

Physical State: Colourless liquid 

Analysis: Found: F, 20.5; N, 7.7: 

requires: F, 19.1; N, l*CF/o 

Infra-red absorptions at: 2.9(m)> 5.4(m), 5*9(m), 7.2(m), 8.0(s), 

9.0-10.0(s), 11. 5 (m), 12.4(s)f\ 
Preparation: Action of HNF^ on 1,1-diethoxy acetone 

(EtC) 2 CHC0Me + HNF^ > (EtO) 2 CiC(OH)NF 2 Me 

Quantitative 

Reference: I.C.I. Progress Report No. 11, January 1 - March 

31, 1963. 
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N ,N ’ -Bis (difluoraminomethvl)-bis (2,2,2- trinitroeth,vl)urea 


Structure: ["(O^^CCH^ 


N CO 


l v™/' h ' 

Physical State: White solid, m.p. 108-9° (recrystallised from 

' aqueous EtOH). 

Analysis: Found: 0, 17.0; H, 2.6; F, 14*5; N, 26.5% 

C^HgF^N 10 0 15 requires: C, 16.3; H, 1.6; F, 14*7; N, 27.1% 

Infra-red absorptions at: 5*9(s), 6.3(s), 7.15($)> 7.6(s), 7.8(s), 

8.2(s), 9 . 25 (s), 9.9(m), 10.9(m), 11.6(s), 

11.8(m) , 12. 2 (s) , 12.5(m), 12??(s), I3.9(s)ft 

'■HNMR Spectrum (Acetone solution): Deuteration showed that no NH or 

OH were present. Triplet centred at 4.70^(1=23 c/sec) 

due to Ch 2 NF 2 groups, also three peaks at 4.84, 4.62, 

and 4.35 ‘Vindicating some steric hindrance of the 

CH 2 C(N0 2 )^ groups. 

19 

FNMR Spectrum (Acetone solution): Triplet centred at 45.2 6, 

J=23 c/sec, consistent with N-CH 2 NF 2 group. 

Other Properties: calc. -111.5 kcal/^ole. Monopropellant 

S.I. 269 calc. Vacuum Thermal Stability test, 

0.5 ml/g/100 hr at 60°C. 

Impact Sensitivity: 5-10 cm 

Explosion Point: l69°C. 
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59. (contd. ) 

Preparation: Reaction of N,N'-bis(2,2,2— trinitroethyl)uron with 

HKF 2 and $6y' t^SO^: 

CO 

(o 9 n),cck 0 n' nch 2 c(no 2 ) 3 


'O' * a n* 

i i 
H 2 C n 0 A 


+ ffiff 2 

\H 2 S° 4 


(OJI),CCn, V KCH C(H0j 


2 3 2 


2 2 3 


\ p 2 kch 2 ” 2 cnf 2 - - 

85$. yield 

Reference: ~T;C.I. Progress Report No. 22, October 1 — 

Decenber 31, 19^5; No. 23, January 1 - March 31, 1966 
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Structure: (F 2 NCHNHCOC=CH) 2 ^ 

Physical State: White solid, deconp. 160° vidthout melting 


(recrystal Used from iPrOI^H^O) 

Analysis: Found: C, 37«2; H, 2.3; F, 2*>. 9; N, 21. 

C 0 H J? N. 0_ requires: C, 36.1; H, 2.3; F, 28.6; N, 21.2 % 

O O if if t ' 

Infra-red absorptions at: 3.l(s), 4.7(s), 6.0(s), 6.5(s), 7.5(w), 

*■ ' " 7.8(s), 8.l(w), 8;9(w), 9.8(w), 10.45 (w), 

11.43 (s), 2L3.2(s) pi 

*■ ’ ' - [ 

Preparation: The action of HNF 2 an ^ 98?6 ** 2^4 on l»^”^P ro Pi 0 ^“ 

amidoe thane-1, 2-diol. ' - - 

HCCHNKC0C=CH H SO ; F ITCHNH COCsCH W 

I .HOT I ; 37^ yield 

IIOCHNKCOCsCK F 2 iiCHNHC0C=CH 

Reference: I.C.I. Progress Report No. 24, April 1 - June 30, 

1966. 
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6 l. i»2-3is (difluo r amino )- 1 . 2 -bis | 4 . 5 -bis(difluoramino)- 2 - 

oxoinidazolidin-l-yljethane 


Structure: 


- CO x 

HN NCHNF. 


.nJh - 


HCNF, 


Physical State: White solid, m.p. 180 approx, (decomp.) 

Analysis: Found: C, 18.8; H, 2.3; F, 45.2; N, 26.3^ in one 

case only. A more typical result is: 

C. 21.5; H, 2 . 1 ; F, 38 . 0 ; N, 2Q.QF/ 0 

C 8 H 8 F 12 N 10°2 rei l uires: c > i?-!? H, 1.6; F, 45.2; N, 27.8?T ; ' 

Infra-red absorptions at: .3.1(a), 3.2(s), 5.7(s), 8.0(s), 8 . 6 (s), 

9.2(m), 9.8(s), 10.6(s), 6L0.9(s), 11.45(s), 
12.3 (s), 12.9(s), 15.4(b)/*-. 

Impact Sensitivity: 5-10 cm 

Explosion Point: 163-166° 

Other Properties: AH f29g calc. -301.2 kcal/mole. Monopropellant 

S.I. 225 calc. Initially thought to be 2, 3,5,6- 
tetrakis (difluoramino )-l, 4 -endoketopiperazine 
Vacuum Thermal Stability test at 60° gave steady 
gas evolution rate of 0.3 ml/ g/lOO hr. 
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Structure: F NCH^N-CH-NCH NF 

2 0< I C=0 2 2 

? 2 NCH 2 8-CH-fiCH 2 It? 2 

_0 

Physical State: White solid, m.p. 155 C 

Analysis: Found: C, 24.1; K, 3»0; F, ' 36*9; <' N , 28.1$> 

C Q H n _F Q N Q O n requires: C, 23.9; H, 2.5; F, 37.8; N, 2 
o 10 o o 2 

Infra-red absorptions at: 5.8(s), 7,7 (m) , 8.0(m), 8.4(m), 10.0(m), 

10.8(a), 12.3(a), 14.6(s) f*. 

Impact Sensitivity: 10-20 cm 

o 

Explosion Point: 234 C 

Other Properties: AH f29 g calc. -20.0 kcal/mole. Recovered unchanged 

from reaction with 3 % HNO^ at room temperature. 
Preparation: The reaction of glycoluril vrith difluoraminomethanol 

and 96 % HgSO 


HN - CH - NH 

o=c^ I >=o + NF CH < 
HN - CH - NH 


7 V/A1 2* i,v **2* 

34?: yield 


Reference: I.C.I. Progress Report No. 15, January 1 - March 

31, 1964; No. 16, April 1 - June 30, 1964. 
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63. 1 , 2-3is ( difluoramino ) -1 , 2- ( 2-dif luor aninoprouionamido ) e thane 

Structure : (FgR COCH^ CK 2 ^ 2 ) 2 

Physical State: Solid, m.p f 183° (deconp.) (recrystallised 

from iPrOIi/CCl^) 

Analysis: Found: C, 26.3; H, 3.4; F, 40.6; N, 22. 5% 

C 8 H 12 F 8 N 6°2 requireS: C> 25,6; H * 3 ' 2; P -’ N » 22 * 3 -' : 

Infra-red absorptions at: 3.0(s), 3.25(a), 6.05(s), 6.5(a)# 7.55(a)# 

7.95(a), 8 . 05 (a), 8.4(a), 8.8(w), 9.8(m), 

10-3 (w), 10.5(a), 11.0(s), 11.6 (s), 12.0(s) , 

12.5(a), 12.7(a), 13.6 (s )f*. I 

Preparation: Reaction of 1, 2- diacrylamidoe thane-1, 2-diol cr its 

methyl ether with HNF 2 ^d 9&7° ^SO^ ^ or ® brs: 

RO CHI'iHCOCH : CK _ H o S0, F iv CHIiH COCH CK NF 

| 2 +• HNF -M* 2 | 2 2 2. 

RGCHNHCOCH : CH 2 d F^CPHCQCHgCHgNF^ 

■ ' R=H, 54^ yield 

R=Me, 36^o yield 

Reference: I.C.I. Progress Report No. 21, July 1 - September 

30, 1965. 

„ - !,'l 
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Structure: (FgKCKNHCOOEt^ 

Physical State: White solid, m.p. 200-205°C 

Analysis: Found: C, 31.9; H, 4.5; F, 24.0; N, 18.3)6 

C 8 H 14 F 4 K 4°4 requ5reS: C * 31 * 4; H> 4,6; F » 24*9; N > 18 * 3 ^ 
Infra-red absorptions at: 3.0(s), 5.9(s), 6.5(s), 7.3 (m), 7.6 (s), 

7.8(s), 8.l(m), 9.3(m), 9.5(m), H.5(s), 
12.05(m), 12.75(ei), 13«4(m), 15.4(m)^* 
'HNMR Spectrum (Acetone solution): Quadruplet centred at 5.83 X, 

J=7.2 c/sec (CH 2 ). Broad doublet at 2.17, 2.30 X , 
J=7.8 c/sec (NH). Complex multiplet at 3.8-4.8*(CH) 

19 ... _ . - 

FNMR Spectrum (Acetone solution); Doublet at -26.9 5, J=27 c/sec; 

singlet at -31.0 ; dou let at -35.2 $, J=12 c/sec 

Other Properties: Did not give an N-N0 2 derivative on nitration. 

Preparation: Reaction of HNF^ with 1,2— di(carbe thoxyamino) ethane- 

1, 2-diol in the presence of 96 % HpSO, . 

•- ... HOCHNHCOOEt H p S0. F IJCHNHCOOEt 

1 + — ■ - y | J 15% yield 

HOCHNHCOOEt . F o r?CHNHC00Et - 

- - ‘ . S 

Reference: I. C. I. Progress Report No. 15, January 1 - March 

31, 1964; No. 16, April 1 - June 30, 1964, 

CONHDENTIAL 




n(ch 2 nf 2 ) 2 


Physical State: V/hite solid, m.p. 138-140° (re crystallised 

from hot CCl^) 

Analysis: Pound: C, 22,2; H, 3.3; F, 39.5; N, 33.3J&; 

M(ebullioscopic in acetone), 707 

C 9 H 12 F 12 N 12 re ^ uires; C > 21 *°J H, 2.3; F, 44-2; N, 32.6£; 

M, 516 '• . 

Infra-red absorptions at: b.4(s), 7.8(m), 8 . 2 ( 111 )* 9.4(m), 9.8(s), 

11.0(m) , 11 , 2 (m) , 12.4(m), 13. 9(m)f\ 
’HNMR (Acetone solution): Triplet centred at 4.4^, J=24 c/sec. 

^FNMR (Acetone solution): Triplet centred at - 45.6 V, J=24 c/sec. 
Impact Sensitivity: 5-10 cm 

Explosion Point: >260° 

Other Properties; All » -47.9 kcal/roole [czlc,). Monopropellant 

I 

S.I. 25. calc. 

Preparation: Reaction of with eru.;e hexa(raethoxymethyl)- 

melamine or with hexamethylol melamine, in the 
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65. (contd. ) 


presence of 96/& H J30 . 

2 4. 


(roch 2 ) 2 nc^ x on(ch 2 or) 2 h so (f 2 hci; 2 ) 2 kc^ Nx c N (ch 2 np 2 ) 2 

KJ 'l. 


N(C!i 2 0R) 2 


NCCHgNy^ 


R=Me, "Lov/ yield' 1 
R=H, 80-90^ yield 


Reference: I.C.I. Progress Report No. lif, July 1, 1962 - 

June 30, 1963; No. 17, July 1 - September 30, 1964. 
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u6. 


Pi |Tcarbethoxy(aifluoraDinomethyl)aEinojEcthane 
S true ture : CH |n (CK 0 NF„ ) COOE t] 

c L c. d. J c 

Physical State: Liquid (9ojh pure by CLC) 

Ana ly s is : Found : 


C, 

32.2; H, 

5.4; ,-F, 

, 45.2; 

N, 16.9/t 


C, 

33. 6; H, 

3.0; F, 

23.7; 

N, 17.5/o 


at 

: 3 • 0 ( s ) , 

5.4(m), 

5.9(a), 

6.6(s), t 

i.o(m). 


7.0(m) , 

7.1(e), 

7.3(b), 

7.6(m), 8.0(s), 

h 

8.5(m), 

9.6(s), 

9.7(a), 

10.4(w), 

ll.O(s), 


11.4(0), 

, 12.2(s) 

, 12.8(i 

n), 13.6 (i 

or. 


Preparation: The action of aifluoraminomethanol on methylene 

diurethane in the presence of 96% H^SO^. 


EtOOCNH 


H SO. 


/CH + NF CH OH ■ ---ft 


Reference: 


EtOOCNCH NF 

,, ^CH*~ ^ 

EtOOCNH “ 2 2 EtOOCNCH^TC^ 

3 6 % yield 

I.C, I,. .Progress Report No. 16, April 1 - June 
30, 1964. 
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67. l,2-3is(difluoramino)-l,2-bis ^4»5-b is (aifluor amino )~1- 
f ormyl- 2 - oxoiaidaz olidin- 3 -yl ) e thane 


Structure: 


COv 

HCO-K^ N-CHNF 0 - 


F_NCK HCNF r ., 

2 


Physical State: White solid, m.p. 125° (decomp.) (reprecipitated 

from KeOH with HgO). 

Analysis: Pound: C, 22,1; H, 1.5; F, 58*9; K, 27 ,2$Z 

C 10 H 8 F 12 if 10°4 reqUir6S: 21e4; H » 1A; P » 40 ‘ 7; N » 25 -°^ 
Infra-red absorptions at: 3.l(s), 3.2(s), 5«7(s), 7.05(s), 8.0(s), 

8 . 6 (s), 9 . 8 (m), 10 , 6 (m) , 10 . 9 (s), llA(s), 

12.3 (m), 12 , 9 (s)f. 

Preparation: Difluoramination of the 3t2 adduct of formyl urea 

with glyoxal. 


HCON 


HOCK HCOH 


/CO N 

N-CHOH- HNF HCON N-CHNP 0 

1 r# I i 

COH J 2 n 2 4 | F^CH HCNP 2 


55% yield 

Reference: I.C.I. Progress Report No. 23, January 1 - 

March 31 , 1966. 


CONFIDEr.TIAI 


CONFIDENTIAL 


Data Sheet 


l,2-Vis(uiixuoyauino)-l,2-bi3^4-.5-ois (uirluoratni no)-j- 
difluoraisinonoth\tl-2-oxoimiaa2oliuin-l-;y3j ethane 


Structure: 




,CO\ 


N-CH..F - 

l 2 


FJICH HGivF^ 


Physical State: Straw coloured liquid (very imoure) 


Analysis: Found: 


C, 22.6; H, 6.2; P, 4-3.0; N, 23.7/" 


C 10 H 10 ? 16 I '12°2 requires; C> 18 * 9 i H, 1.6; F, 47.9; N, 26 , 5 % 

Infra-red absorptions at: Not obtained 

Other Properties: AH f29g calc. -311.2 hcab/mole. Monopropellant 

S.I. 234 calc. ^ 

Preparation: Treatment with HhF^ and 96;-, H^SO^ °P the me thylated, 

tormy bated; 2:1 adduct oi^4,3-himetho:cyimidazolidin- 
2-one with f tlyoxal: 


X C0 V 


MeOCh KCOl'e 


CO CO 

{( y- 0 \ xiii \-CH0H-CH0H-N V NH 

— i i ii 

- MeOCH-HCOMe MeOCH — HCOMe 


^ c °n i r /Co. 

...eOCH ii K-CKOMe- HNF F !<CK r .H N-CHNF - 

i i — # 2 6 i ' 2 

. MeOCH HCOKe FjfGH Ha? r 

2 u a 2 J , 

Reference: I.C.I, Prepress Report I.o. 22, October 1 —-December 

31, 15c 3. 
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69. 1,2-Bis (difluoraaino)-l,2-bis | k,5-kis(dirIuoramino)-3- 

ae thy l- 2 -oxoiaida 2 olidin~l-ylJe thane 


Structure: 


c° x 

Me-H NCKNF, 




l 


I 

-HCi'vF, 


J'; 


Physical »Vhite solid, m.p. 208"^ 

Analysis: Found: C, 22.b; H, 2.65 F, ^4-1, 7; N, 20. (fc 

c ln H F h °^ requires: C, 22.6; II, 2-3; F, ^2.9; N, 26.3^ 

10 12 12 10 ^ 

Infra-red absorptions at: 5»d(s), 7*15(s), 7.65(s), 8.1(a), 

- - 8 . 5 ( 0 ), 8 . 7 ( 0 ), 9.15(o), 9.55(i6), 

9 . 8 (m), 10 . 1 (a), 10 , 6 (s), 10 . 75 (s), 
10.95 (b), 11.55(b), 11 .- 65 ( 5 ), 12.15(b), 
13.15(s)f*. 

'HNMR Spectrum (Acetone solution): Triplet centred at 1^02 X t 

J=18 c/sec. 

(Doublet centred at 5.50 T, 
J=12 c/sec. 

19" 

FNMR Spectrum (Acetone solution) : Peaks at -26.7, -30.2, -32.5, 

-33.7, -3k. 2, -37.3 5 

Impact Sensitivity: 10-20 cm 

Torpedo Friction (l Kg): 5-10 cm 
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69. (contd.) 

Other Properties: 


f298 


calc. -298.2 kcal/mole. Monopropellant 


S.I. 233 calc. DTA exotherm at 220°. Vacuum 


Thermal Stability test at 60°C, 0.2 ml/ g/lOO hr. 

Preparation: Action of HNF_ and 96 % H SO, on the 3:2 glyoxal: 

2 2 4 

methylurea condensate: 

.CO. 


MeN 

HO 


N-CHOHf 


L 1 

ICH - HC 


HCOH 


+ HNF 


H o S0. 
2 


/°°\ 

HeN N-CHHP 0 + 

I I 2 

-HCNF 2 




Reference: I.C.I. Progress Report No. 20, April 1 - June 30, 1963; 

No. 21, July 1 - September 30, 1963; No. 23, 

January 1 - March 31, 1966. 
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70. 1 . 0- ^us y ' A f-LUo. a..iiao)-I , [i-. J. ( ita.ylo:;a;..ido } ethane 


Structure: (p^KCiUCiCOCOOEt) „ 


Fhyai 

e-I Sta 

te: White 

a olid, 


P * 

200-230 

(decors:- • ) 


'Anil/ 

p’J r • *? 

oX — > . X 

ounu: 

• i 

^ » 

^1* 

^ y 

t; 

, 13. h 




. ?. o. 

requires: 

r 

y 

hi. 

j ) 


, 15.5/- 




<4- if- u 








Infra 

-reo. a 

.-orptionc ■ 

it: 

j . 

0(s 

), 

5.7(0, 

^ • ^ ( ^ ) ) ^ * 

*5 (s) , 7. 





•'“v 

o7 • 

0(s 

\ 

/ > 

10.3(a), 

11.3 (n)». 

11.6(a). 





15 

•3( 

£) l 

f’ ■ - 


Prep a 

ration: 

Reaction 

of 

1,2 

-di 

(ethyio::ani 

. o) ethane- 

•1, 2-diol 


v;ith hid-h. and 9o>, H_30, 

a c 4 


"(ClhaiCCCC’Et 

I 

IICCTiHCCCCOEt 


- HNF. 


h so. p_nc n.i; cocccst 




?.d:c:>:cocoo3t 

a 

5Q?- : yield' 


TV- ^ 

AOC-U O- C-iV O , 


I.C.i. PtO(7a*Sc 3 Report x«o . 
karch 3I> i9o5» 


t r» 


L "' > 


- “? 

tfttiiu.a ; X — 


L 
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y- 3 . 6-bi s ( dif luoramino)-! .A-di ( me thanesulohoryl)- 


Structure: 


SO Me 

N 2 

?X |0Ac 


AcO\ JNF 


(or isomer) 


S0 2 Me 

Physical State: Solid, m.p. 210-220° (deco no. ) (recrystallised 

from MeCN) 

Analysis: Fbund: C, 26.8; H, 3.3; F, 19.2; K, 12.5; S, 13.3 /l, 

C_ Ji-.-F.il 0,.S o requires: C, 26.1; H, 3.5; F, 16. 5; N, 12.2; S, 13.9/c 

10 lb if 4 o 2 

Infra-red absorptions at: 5«7( s )» 7.4(s), 7.6(m), 8.4(s), 8.6(s), 

9.0(b), 9.8(s), 10.0(m), 10.2(s), 10.5(s), 
10.7<s), 11.3(s), 11.5 (b), 12. 9 (s)^ 
preparation: Acetylation of 2,5-bis(difluoranino)-3,6-dihydroxy- 

l,A-di (me thanesulphonyl) piperazine (or isomer) 


SO Me 

K 2 


SO Jle 


? H ( >0H H SO F M [OAc 

2 + Ac 0 + AcQII -> 2 

HG^ Jk? 2 AcOJ^ JN? ? 

II N 


SG 2 Me 


S0 2 Me 
59/ yield 


Referenc ■: I.C.I. Progress Re ort No. 21, July 1 - September 


30, 1965. 
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72 . 1 , 1 . 2-Tri ( carbetho:xyamino}-2-difluoraminoe thane 

Structure: (EtOOCNH) 2 CHCH(NF^JHCOOEt 

Physical State: White solid, m.p. 19A-— 195°C 1 

. ■■ ' ■■ 1 

-Analysis: Found: F, 9.9; N, 16.5; OEt, 39,1% j 

C 11 H 20 P 2\°6 re<:iuires: p » U-*!? N » 16*4; OEt, 39.5 % \ 

■ ■ ■' 1 

t Infra-red absorptions at: 2.9(s), ^.S(s), 6.3(s), 6.8(s), ] 

7 . 3 ( 5 ), 7.4(s), 7.5(s), 7.7(s), 7.9(s), ; 

’ > 

8.6(m), 9.1(n), 9.6(s), ll.l(ra), 11.3(s), 

=-• ■ ■■ ] 

12.1(e) , 12.7(s)f\ j 

Preparation: Reaction of KN? 2 with 1, 1, 2- tr i ( car b ethoxy ami no )e than- ;] 


2-ol in the presence of 9&% II SO . 

•~r 





.Asr’! 


■ i r 
- .ua: 


Data Sheet 


1, 2-Bis(aifIuoramino)-1.2' 


:-bis 4.5-bi 


bis (difluor amino )-l- 


■2,2, 2-trinitroethyl)-2-oxoinida2oIidin«-3-yll ethane 


Structure: f CO 

(N0„),CCH N ^N-CHNF - 
23 2, , 2 

P 2 NCH — hcnp 2 


Physical State: Straw coloured viscous liquid 

Analysis: Found: C, 22.6; H, 2.6; F, 19.7; N, 23.7; OMe, 2.35& 

C,JL -F.JI-sO-, requires: C, 17.3; H, 1.2; F, 27.5; N, 27.0^ 

1 2 10 1 2 lo lif 

Infra-red absorptions at: 3.0(m), 3.4(w), 5.7(s), 6.25(s), 7.0(s), 

7.7(s), 8.03(s), 8.55(w), 9.l(m), 9.3(m), 
9.7-10. 0 .m) , 10. 8 (s) , 11.3-11.5 (s), 
12.2(s), 12.4(s), 12.3ls)f. * 

Preparation: Treatment with HNF^ an ^- 9 & c /° H SO^ -^»2“^ s " 

5- dime tnoxy-1- (2 , 2 , 2- trini tr o e thyl ) - 2-oxo- 
imidazolidin-3-ylj ethane— 1,2-diol: 


imidazolidin-3-ylj ethane— 1,2-diol: 

/°° i H so r / co -. 

(K0 2 ) 3 ca: 2 K A-choh- +hn?2 (no 2 ) 3 cch 2 n 


MeOCK HCOMe 


N-CHImT^- 
I r 


F^CH 


-HCNF, 


Reference: I.C.I. Progress Report No. ^3, January 1 - March 

31, 1966. 
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1^2-Bis (dif luoraiaino)-!. 2-bis j ^, 5-bis ( difluoraaino)-3-ethyl- 
2~oxo i aidagolidin-l~vl | ethane 


Structure: 


,/ co \ 

liCffliP,- 

I 


j'pNCH 


• HCNF, 


Physical State: White solid, m.p. 178° (dec.) 

Analysis: Found: C, 25.8; H, 5.1; F, 40.8; N, 24.8fo 

M (ebullioscopic in acetone), 600 

C 1o H 16 F 12 K 10°2 rec i uires: c » 2 5.7; H, 2.9; F, 40.7; N, 25.0%; 

M, 560. 

Infra-red absorptions at: 5.8(s), 7-l(s), 8.05(s), 8.3(s), : 8.65(m), 

9.05(a), 9.8(a), 10.65(a), 10.9(s), 

11.5 (s), 11.9(a), 12.1(a), 12.3(a), 

: ^ 12.55(a), 12.9(3)^. 

*HNMR (Spectrum (Acetone solution): Triplet centred at 3.95 t, 

J=19 c/sec. (CH). Quintuplet 
centred at 6.4*^, J=6 c/sec. (CHp) 

19 t 

FNMR Spectrum (Acetone solution): Indistinct spectrum due to 

-solubility difficulties. Peak 
at -29. 9 <5- 

Preparation: Action of HNF_ and 96 ^’ H SO, on the 3:2 glyoxal: 

^ w ip 

ethylurea adduct: >■-. . 
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74. (contd. ) 


>0 


CO 

EtIT X N-CH0H- 

H SO. 

EtH X N-CHNF 0 - 

1 1 

♦ KNF — — ^ 

i i 2 

IIOCN KCOH 

2 

2 

F^NCH HCKF 


~ 1 % yield 


Reference: I.C.I. Progress Report No. 20, April 1 - June 

30, 1965; No. 21, July 1 - September 1965. 
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75. Tri |carbe tho:xy(difluoraiainomethyl)aiainoj methane 
Structure: i 1 C [h ( CK 2 NF 2 ) COOS tj ^ 

Physical State: Yellow liquid 

Analysis: Found: C, 29.8; H, 5.1; F, 23.6; IT, 14.9?y 

C 13 H 22 ? 6 I,T 6°6 re ^ uires: c > 33.1; H, 4.7; F, 24.2; IT, 17. 

Infra-red absorptions at: 3.0(m), 3.5(d), 5.9(s), 6.6(m), 7.35(d), 

" 8.1(s) , 9.2(a), 9.5(n), 9.8(a), ll.l(m), 

12.3(d), 12.9(d)/. 

Preparation: The reaction of HNF^ with tri(carbethoxyamino) me thane 

and paraformaldehyde in the presence of 96/.. 

HC(NHC00St) 3 + (® 2 °) x + - 2 - Kc[N(CIf 2 I^ 2 )C00EtJ, 

53a yield 

Reference: I.C.I. Progress Report No. 14, July 1, 1962 - 

Deoember 31, 1 963. 
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76 . 1.2-Bis(difluoramino)-1.2-bis |4.5-bis (difluoramino)-3- 
isopropyl-2-oxoiaidazoIidin-l-yl j e thane 
Structure: f ^.CQ^ 


i-PrN" 

I 

l f/ch 


n-chnf 2 - 


HCNF. 


Physical State: White solid, m.p. 170 

Analysis: Found: C, 28.2] H, 3 •‘■-i F, 36.3; N, 23.6$; 

M(ebullioscopic in acetone), 610. 

C 14 H 20 F 12 N 10°2 re 9 uires: C -' 2Q •**■'> H > 3.4; F, 39.2; N, 23.6$; 

M, 588.- 

Infra-red absorptions at: 5.8(s), 7.3 (is) , 7.7(w)> 7.9(s), 8.25(s), 

8.7(m), 9.15(w), 9.8(w), 10.9(s), 
11.5(a),. 12.3(5), 12.7 (m), 13.4(w), 
14.0(w)f\ 

'HNMR Spectrum (Acetone solution):- Indistinct spectrum, multipxet 
bands centred at 3.7 and 5.8 X 

19 

FNMR Spectrum (Acetone solution): Indistinct spectrum 

Preparation: Reaction "of 3:2 glyoxal:isopropylurea adduct witn 

HNF„ and 96% H_S0. : 

2 2 4 
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76. (contd.) 


* 


m 

CO 

i-Prir X N-CK0H- 

H-SO 

CO 

L-Prli ^N-CHNP - 

1 | 

+ hnp -* y* 

r i 1 2 

HOCH HCOH 

2 

P.NCH HCNF 

• 4 

1 

.2 2 


5 < % yield 

Reference: I.C.I. Progress Report No. 20, April 1 - 

June 30, 1%5. 
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77. Difluoraminated Cellulose Derivatives 

Bis (difluoraraino)periodate“Oxycellulose, DPOC 
Reduced bis(difluoramino)periodate-oxycellulose > HDPOC 
3is(difluoramino)nitratoperiodate-oxycellulose, DNPOC 
Reduced bis(difluoranino)nitratoperio&ate-oxyeellulose, HDNPOC 
Bis(difluoraniino)dinitratoperiodate-o:xycellulose, D2NPOC 


Structures : 


CHjOH 

O- 

1~h*H 

(DPOC) 


C HypH 
‘ O. 


jC>. 

(HDPOC) 


c^<Wo. 


IT 

* (DNPOC) 


.C.H CH.au 

%rT Uf x j 

(HDNPOC) 


cuorlo x 

c>- 

* (D2NP0C) 


Physical State: White polymeric solids 

Analyses: 


Compound 

h, %y, % 

• 

Decree of Substitution* 

NF. 

2 

: 0N0 2 : 

DPOC 

10.2:25.6 

1.7 

• __ • 

HDFG.C 

5.2:24.8 

1.5 

: - : 

DNPOC 

9 . 0 : 16.0 

1.1 

: 0.5 : 

HDNPOC 

8.2:13.9 

0.7 

: 0.2 

D2NP0C 

3.8:16.5 

1.0 

i-PA • 


1 


j 


] 

i 


cqnfide:tial 
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77. (contd. ) 

Impact Sensitivity: DPOC 40-60 cm 

HDPOC 10-20 cm 

D2NP0C 40-60 cm 

Explosion Point: DPOC 146°C 

HDPOC 116 °C 

D2NP0C 112° C 

Other Properties: DPOC was plasticised by nitroglycerine and by 

2,3,5,6-tetrakis (difluor amino )dioxan, (TDD). 
HDPOC was stable on storage at room temperature 
for 4 months, whereas DPOC decomposed to a 
significant extent in 2 months. HDPOC was 
shown to be compatible with, and was recovered 
unchanged from: 

(i) aluminium and ammonium perchlorate at 
100°C for 1 hour 

(ii) nitrocellulose (12.6% N) maintained 
--r at 70°C for 1 hour 

(iii) aluminium and ammonium perchlorate in 
the presence of water or of alcohol/ 
acetone (2:l) at room temperature for 


1 hour 

(iv) aluminium, ammonium perchlorate, nitro- 



77. (contd. ) 


^ ti vii/ y J u u3 1 ^ 


Preparation: 


(nitroglycerine/ triace tir/ 2 -nitrodiphenylaaine 

= 8C/19/1) stored at 70°C for 2 weeks. 
Periodate oxidation of cellulose followed by 
difluoramination, reduction and nitration. 


(i) HNF 

7^-7 HNF^/965'c H 2 S(^ 




CM* oH 
I — O 


>x 


NaTffl 


H CHOH 

bH 

(DP OC) 


0 ; 7<#> yield 


OH 

>----'0 


£/V Wrl * 


x ; 75 a yield 


(hdpoc) 


C/Lotf 


f^V 

_ Qio ri 

5* **f x 6h 

(DliPCC) 


; 5^/ yield 


0 . * 


OH 

(dnpoc) 


KaBH 

— £ 


■'C’V- 

A* <•" 

(KDNPOC) 


; 35a yield 


Otl 


IT&L\ 


> 

- • • t 


^a3 iLai* 




77 . (contd.) 





HNO, 

— 5 ^ 


r 3 tf 

(D2IIF0C) 


30 $> yield 


Theoretical performances: DNPOC -229 kcal/gm mole 

AH f 258 D2NP0C “ 2 °7 kcal/ gm mole 

Replacement of NC by DNPOG, D2NP0C in NC/TIfflTI'^/AP/Be system results 
in an S.I. increase of 1.2 and 1.3 lb. sec/lb. 

Reference: I.C.I. Progress Reports Nos. 8, July 1, 19bl - 

June 30, 1962 to 14, July 1, 1962 - December 31, 1963* 
Atlantic Research Corporation, December 3, 1963. 
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76. Poly-ethylene-2.5-bis(difluoraaino)-3»4~cli}iydrofuran 
Structure: 


C 2\ - ?< N? 2> 


0 . 


CH, 


f - C 2 \t 

CH„ 


n 


Physical State: Pale brown rubbery solid 

Analysis : 


Sample 

C % 

, V> /° 

Found :Reqd. 

H, 

Found 

% : N, i 

Reqd. :Found:Reqd. 

F, % 

Found:Reqd. 

Sample 1 





27% CO content 

43.6: 35.1 

7.2 

7.7: 7.7: 10.0 

18.1: 27.2 

Sample 2 





41£» CO content 

43.2: 42.1 

5.5 

5.3: 15.3: 12.3 

27.3: 33.4 


Preparation: Reaction of ethylene/carbon monoxide co-polymers with 

HNF* alone and in the presence of H„S0. , e.g. : 

2 * 2 h- 

{^vco-c^-co-c^ 


F N 0 IIP. 

-^|C 2 H 4 ^-^<r c ' — - ; 90/, yield 


CH„ — CH„ 

2 d. 


n 


References: I.C.I. Progress Report No. 14, July 1, 1962 - 

December ^31, 1963; No. Ip, January' 1 - March 31, 1964. 
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£ 
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\ 

! 


r ■ 

[ SECTION 2 


NC^ Containing Products 


/ 


1 




1 

I 




* 

t 
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1. A.5-Dihydroxy-1.3-dinitroiDida2oIidin-2-one 
Structure: K0CK-N-N0 o 

I bco 2 

I:CCH-N-N0 2 

Physical State: Solid m.p. 158° (deccap.) 

Analysis: Found: C, 17.3; K, 1.8; N, 26.3/N 

C..H N 0., requires: C, 17.3; H, 1.9; N, 26 . 9 % 

Infra-red absorptions at: 2.93(s), 5.8(s), 6.3(s), 7.6(m), 7.8(m), 

8.0(a), 8.6(s), 9.l(s) , 10.6 (w), 12. 
Preparation: Action of 100j6 HNO^ at 0°C, on 4,5-dihydroxy- 

imidazolidin-2-one 

HOCH-NH HNO HOCH-NNO 

| >0 [ > 2 ; “ 25 % yield 

HOCK-NH H0CH-NN0 2 

Reference: I.C.I. Progress Report No. 23, Janua^ 1 - March 

31, 1986. 
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2. 4.5-Dihydroxy-2-nitriminoimidazoIidine 

Structure: KOCH-NH 

| >=NNO 
KOCH-NH 

Physical State: White solid, m.p. 169° (decomp.) 

Analysis: Found: C, 21.8; H, 4.5; N, 36.2{£; K.W., 140 

C t H/-N. 0. requires: C, 22.2; H, 3.7; N, 34.6£; M.W., 162 

3 ° 4 4 , 

Infra-red absorptions at: 3.0(s), 3.2(m), b.3(s), 6.5(s), 7.8-8. 0(s), 

8.9(a), 9.2(s), 9.65 (s), 11.85(m), 12.3(m), 

13.3 (m), 13.9-14.0^)^ 

Impact Sensitive ty: 120- 160 cm 

. o 

Explosion Point: 164.5 

Preparation: Addition of nitro guanidine to basic aqueous glyoxal: 

(CH0) 9 + NR C(:NH)NHN0 HOCK-HH 

2 | /C=NN0 ? ; 74a yield 

HOGi-NH 

Heference:. I.C.I. Progress Report No. 20, April 1 - June 30, 1965. 
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3. 4.5-Dime Lhoxy-i,3-dinitroimidazolidin-2-one 

3 tructure : lieOCH-NNC,, 

1 

IiieOCH-NNO^ 

Physical State: Needles, m.p. 120-1° 

Analysis: Found: C, 25.4; H, 3.55; h r , 25.3- 

C^HgN^O-, requires: C, 25.4; K, 3.^-; H, £3.7)- 
Infra-red absorptions at 5.5o(s), b.33(s), 7.54(s), 7.9l(s), 8.33(s), 

8.55(s), 8.85(s), 9.13 (s), 9.26(s), 10.03(m), 
10.75 (s) , 11.90(a) , 12.25 (s) , 13.30(s), 
13.5l(s) , 14. 0(m) . 14.3 (n)^. 

Impact Sensitivity 1 -: >200 cm 

Explosion Point: >240° 

Preparation: (i) The reaction of xs HJIO^/Ac^O on 

P«. v%*i +•■*•»” mn ov* r\-r% 

t— A*-i- VA IU.4 V/O.l.'-fcU. UV- y W A. Wii 

imidazclidin-2-one 

MeOCK-NH MeOCH-liNO^ 

| ^C=X I 'CO^ ; 

MeOCH-NK Me0CH-HIi0 2 

Reference: I.C.I. Progress Report No. 22, October 

December 31, 1965. 


4, 5-dime thoxy- 
4, 5-dime thoxy- 

X=:NN0 2 , 80^ yield 
X=:0, 634 yield 

1 - 

f 

i 

1 
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4, 1.4-DiformyI-2.3.5.6-tetranitratopiperazine 
Structure: 


Physical State: White solid, m.p. 152-3 C (deconp.) 

Analysis: Found: C, 19.3;. H, 2.7; N, 21.6%; K.W. 415 

requires: C, 18.7; H, 1.6; N, 21.8$-; M.W. 386 
Infra-red absorptions at: 3.4(s), 5.8(s), 6.0(s), 6.l(s), 6.9(d), 

7.1(b), 7.2(s), 7.4(e), 7*7(s), 7.8(b), 
7.9(s), 6.0(s), 8.2(s), 9.9(s), 10.3(b), 
10.3(s), 12.2(o), 13.5(a), lv.0(m), 14.5 (m )/\ 
'HNMR Spectrum (Acetone solution): Single peak at 1.24 "£ in the ratio 

of 2:4 to twin peaks a"; 2.65, 2.80t, assigned to the: 
protons of the CHO and piperazine ring respectively. 

Impact Sensitivty: 20-30 c 1 ; 10-20 cm after recrystallisation 

Explosion Point: 143° (decomp.) 

Preparation: The reaction of A;_N0^ wit’ 1 l,4-diformyl-2,3,5,6- 

tetrachloropiperazine 


CHO 

t 

Kv 


0 2 N0CH 


HCOKO, 


O.NOCH 


HCONO. 


-N 

I 


CHO 
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-3 

J 

•1 



a 


i 

i 



4 . (contd. ) 


Reference: 





iw 




CHO 

» 

•N 


C1CH 

I 

C1CH 


"^CCl 

i 

HCC1 


AgNO 


N 

« 


CHO 


CHO 


■N 


0 NOCK 

2 l 

0 2 N0C" 


HCCNO () 

I " »• 633' yield 

KCONO^ 


K " 

t 

CHO 


I.C.I. Progress Report No. 17, July 1 - September 30 s 
1964. 
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5. 1.2.4.5-Tetranitrato-3.6-dinitrocyclohexane 
Structure: 

ONOo 



0N0 2 

Physical State: Yellow crystalline solid, n.p. 171-2 (decoap.) 

Analysis: Found: C, 18.9; H, 1.6; N, 19.5^ 

C^HLN^O, requires: C, 17.2; H, 1.4; N, 20.1^ 

6 6 6 lo 

Infra-red absorptions at: 5.9 (e) , 6.0(s), b.- (s), 7.6(a), 7»8(s), 

7.9 (s) , 9.2(a), 9.5(a), 10.3(a), 10.5(a), 
10.8(a), 11.9-12. 6(s), 13.6(a), 13.7(a), 

14. 1(a) f\ 

Impact Sensitivity: 10-20 cm 

o 

Explosion Point: 173 

Other Properties: Ah-, est. , 120.2 kcal/mole. Estimated heat of 

combustion 1708 cals/n. L'onopropellant S„I., est., 
261. Decomposed in acetone solution, no other 
solvent found for NMR study. 

Preparation: Nitration of l,2,4,5-tetrahydroxy-3»b-dinitrocyclo- 

hexane with HNO^/A^O at 0°; or vvith HNOy^SO^ 
for 4 hours 


CONFIDENTIAL 


CONFIDENTIAL 


HO 0H 

HO^^JoH 

NO. 


o 2 no 

0 2 N0 


; 77/c yield 


Reference: I.C,I. Progress Report Nc. 22, October 1 - 

December .51, 1966. 
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d. l,4-Dimethanesulphon.yl-2,3.5.6- tetranitratopiceracine 

Structure: SO Me 

N 


NO 7 Nv - 


ONO, 


°2 l 

0 ? NC*\ JoNO, 

N 

SO Me 

Physical State: white s^lid, m.p. 148° (deconp*) 

Analysis: Found: C, 15.0; K, 2.4; N, 17.9; S, 12* 9k 

C..H N„ 0 ,S requires: C, 14.8; H, 2.1; N, 17.5,* S, 13.2$C 

6 10 b 16 2 

Infra-red absorptions at: b.O(s), o.l(s), 7.I>(-0« 7.4(c), 7.55(s), 

7.6(s), 7.9(~), o.0(s), 8.35(m), 3.6(s), 
9.1(c), 9.7 (v.) , 9.9(v/), 10.3 (s) , 10.8(s), 
12. 1-12. 5(s),4b. 0(a), 13.5 (e), 14.0(m), 
'HNMR Spectrum (Acetone solution): Sin le peaks at 2.73» 0.46^ 

assigned to rin;; and SO^e protons respectively 
Impact Sensitivity: 5-10 cm 

Preparation: (i) Action of A"N0^ on 2 t j ,5#b-tetrachioro-l,if- 

dime thane sulphony lpiperaoine : 


SO Me 

N 

Cl/ X 


Cl< 


Cl 

Cl 
N 

30 ? Me 


* 


S0_Me 

v 2 

OjiC f (0I;C, 


0 2 nc^ /‘ono 


94a yield 


S02Me 
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8. (contd*) 


(ii) Action of H!'.’0^/Ac o 0 on 3, 3, 5, 6- tetr a hydroxys 
1,4-diEethanesulphonylpipernzine: 


SO, Me S0 o I.:e 

N* 

ho/ ^oh ojio/ \o:;c„ 

m - 0 O 2 - ; 8V: yield 

HO\ Jon * o 2 noL x ^ono^ 


S0 2 Me 


S0 9 He 


Reference: I. C.I. Annual Report, Progress Report Ho. 13, 

January 1 - Dece ber 31, 19c4. 
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9. 4.5-Diace toxy-l,3-dini troiaidazolidin-2-one 


Structure: AcoCK-N-N0 o 

i > 2 


AcOCH-N-NO,, 

a 

Physical State: Solid, m.p. 125-128° (recrystallised from ether) 

Analysis: Pound: C, 28.7; H, 2.2; K, ly. 2?c 

requires: C, 28.8; H, 2.7; K, 1>*2^ 

Infra-red absorptions at: 5.3(s), 5.7(s), u.25(s), 8.0(s), S.33(s), 

8.8-9. 0(s), 9.6 (s), 10.5(m), 10.85(m), 
12.5(m), 13.35 (n)^. 

Preparation: (i) The nitration of 4,5-dihydroxyimidazolidin-2-one 


with HN0^/Ac 2 0 


K OCK-NH n 

! ico k0 2° 


H OCK-NH KNC: 


AcOCII— hi 0 

yxr ; 30/ yield 

Ac0CH-4 t 0 2 


(ii) The nitration of 4, 3- di hydro;'.;. -2-nitriaiiiio- 


imidazolidine with rT.’Oy' A" .0 


H OCK-NH 

! ✓ 
HOCH-NK 


/ C=NN0 o 


, f acoch-ic;o 0 

Ac 2^ | >0 2 ; 30 /. yield 


HN 


it 


acock-niio. 


Reference: I.C.I. Progress Report No, 23,’ January 1 - March 31, 1%6. 
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^-0. r»,N 1 -Bis (2 . 2 ,2-tririitroethvlluron 


Structure: CO 

(KO ? ),'dCHJi ' \n*CH~C(N 0 o ), 

c J ^ I i 2 J> 


Physical State: white solid, re crystallised iron EtOH, n.p. 17 .+- 5 0 

Analysis: Found:- C,.l?.y; H, 2.5; N, 26 . 1 %; M.W. (ebullioscopic 

in acetone), 343. 

C 7 }i 8 N d°l 4 . requires: C » H, 1.9; N, 2C.#; i.:.*. , 1,28 

Infra-red absorptions at: 6.0(s), ->.3(4), 6.75(s), 7.2(s), 7.5-?.8(s), 

t.ioOy' , 5.1(12), $. 2 (m), 9.S(a'‘, 

10.15(n), 11.55(3), 11. 7 (s) , 12.4(s), 
12.o(a), 12.5(a) , 13.0(5). 15.4(3), l4.0(m 
KNI.H Spectrum (Acetone solution): Two single peaks at 4.al and 

4.5oT in the ratio 1:1 due to hydrogen nuclei of 
trinitroethyl groups and uron ring, respectively . 
Impact Sensitivity: 10-20 cm 

Explosion Point: 165°C 

Other Properties: Vacuum thermal stability test, 1-1 al/g/lQG hr at 60° 

Preparation: Reaction of K,N '-bis (methoxymothyl) uron with HC(N0 2 )x 

in Me OH at 10C° for 3 rirs: 


COI.TIDTTIAL 



I 
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10, (contd. ) 


“ e0CK 4 f 1 ^ 8 HC 'NO J, 

' h,-,c v : ; .ck — — ^ .I I * " ^ 


2 ^-^ 2 


K 2 C \ 0 / Q V 


c . ; > " 78^ yield 

Reference: I.C.I. Progress. Hoport >io. 22, October 1 - December 

; x 9 Ko * 23, January 1 - March 31, 1966. 


c'c ■: c- c_ 
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11* NrMe tho ::yme thyl-N * ~ (2 . 2 . 2- trini troe thyl) uron 
Structure: 


MeOfflgl i' X KCH 2 C(K0 2 ) 3 , , 

- ^ H 2<x 0 / ra 2 ■ :,/; : 

Physical State: v Solid, m«p« 63—6 5 (recrystallised From 

i-PrQH/hexane) 

Analysis: Found: C, 27.4; H, 3.7; N, 22*1% 

C 7 H H N 5°9 requires: C, 27.2; H, 3.6; N, 22.79b 

Infra-red absorptions at: 6.0(s), 6.25(s), 6.4(s), 6.7(m), 7.75(s), 

8.1(w), 8.: r 5(w), 9.15(m), 9.4(m), 9.9(m), 

10.3 (w), 11.0(w), 11.6 (m), 11.75 (m), 
12.4(a) , 12.8(a), 13 .4( ■>f- j >* 

Impact Sensitivity: 60-80 cm 

Explosion Point: 152-5°C c . 

Preparation: The reaction between N,H* -bis (nethoxymethyl) uron 

and nitroform in the molar ratio 1:0, S. 


MeOCHyN 
2 1 


H 2 C X 0 / ffl 2 


/CO 

NCH„0Me MeOOUN- NCH.CtNOj* 

I 2 * hc(ho 2 ), — > 2 1 I 2 2 3 


V \ 0 / C » 2 

68^ yield 


Reference: I.C.I. Progress Report No. 23, January 1 — Me r ch 


31, 1956. 
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12. 2.5-Diacetoxy-3»6~dini1nrato-I.4-dinitropipera2ine 

NO. 


Structure: 


N 


O^NOf 




OAc 


or isoner 


AcOk /0N0, 

N 

N° 2 V 

Physical State: White solid, re crystallised from MeCn, m 0 p. 170° 

Analysis: Pound: C s 23. 4; H, 2.6; N, 19.4; S, nil % 

C 8 H 10 N 6°I4 re( l uir : c > 23.2; H, 2.4; N, 20.35. 

Infir'a-red absorptions at: 3*3(m), 5.6(s), 5.9(s), 6.2(s)i 7.5(m), 

7*7(s), 8.4 (s), 94(a),. 9.8^s), 10.1(s), 
iO.b(s), 11.3(a), 11.9(a), 12.2(a), , ; 

13.0(a), 15.5(a)/ 4 

*HNMR Spectrum (MeCN solution): Single peaks at 7*70 1 (Ao-group 

protons) and at 2 . 50 *t (piperazine ring protons). 
Preparation: Nitration of salts of 2,3,5,6-tetrahydroxypiperasine- 

1,4-disulphonic acid, using 8:3 v/v HNO^/Ac^O at 0° 

NO. 



hno 

— ^ 


N 

o 2 m / ^ioac 


AcO 


(or isomer); 


\ /ono 2 

NO. ^ eld 


Reference: I.C.I. Progress Report No. 19, January 1 - March 

31, 1965 
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15. N . N * -Pi (ace toxyae thy 1 T-N . N * -bis ( : ; » 2 > 2- trini tr oe thy 1 ) urea 

Structvire: (NOJ.CCR CH ? C(N0 ), 

^ ^NCON * * 

AcOCH^ ^CHgOAc 

Physical State: White solid m.p. 98-100° 
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14. 1 . 2-3is (4» 5- limethorv-l-nitrQ~2~QjLOinilda.gQlldi.n~3-‘yl)-l . 2r 

dinitra to ethane 


Structure: 


MeOCH - CHOMe 


OjnL i “ 

. CO 


CHONO. 


J 2 


Physical State: llhite solid m.p. 196-7° (decomp.). 

Analysis: Found: C, 27*8; H, 3.6; N, 20.5* MeO, 26.3# 

C 12 H l8 K 8°l6 r ®^ uires: c » 2 7* 2 » H, 3.4; N, 21.1; KeO, 23.A# 
Infra-red absorptions at: 5.7(c)* 6.05(s), 6.4(c), 7.3(m), 7.9(c)* 

8.2(s), 8.45(c)* 9.1-9.4(s), 10.1(s), 
10.35 (») t 10.55(h)* 12.3(c), 12.7(s), 

V" 13.3(c), 13.5(w)* 14.2( W )^ 

Preparatfr i: Nitration of l,2-bis(4,5~dinethoxy-2-oxoimid£.tolidln- 

1-yl) e thane-1, 2-diol with FNO^/Ac^O. 




MeOCH - CHOMe 


I I I S 

HI* ^N-CHOHj- Ae 2 0 
CO 


MeOCH - CHOMe 

I I 

° 2 W* 


NCHONO, 


CO 


Reference: I.C.I. Progress Report No. 24, January 1 1965 - 

June 30, 1966. 
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3.1 Infra-red Spectra 

Spectra of all compounds were determined on a Ferkin-Klraer 
Ir.fracord Model 137 spectrometer. Sper *xa of many compounds were 
also determined on a Perkin-Elmer Infracord .Model 337 spectrometer. 
Liquids were run as thin films between rock salt plates and solids 
as mulls ia hujol or 'Florube' oil on rock salt plates, Cases 
were determined in 10 cm path- length cells with rock salt 
windows. Ia a very f&a cases solid were prepared in KBr discs. 

3.2 NMR Spectra ^ 

- 19 ■ '• 

*H NMR and F -NMR spectra were obtained on a Per.dLn-Elmer 

Model RIO 60 ©c/sec instrument. *K /spectra, were obtained against 

' • ’ ' \ ■, ■ 19 

tetramethylsilane as internal standard and F spectra against 

CFC1-, as internal standard. 

^ v 

3.3 Impact Sensitivity \ 

The fall hammer test apparatus consists of a £ Kg mild 
steel hammer which is allowed to fell from a measured height 
onto a fixed volume of ..ample placed between the faces of two 
vertical Hoffmann steel roller bearings each ^ in. diameter £nd 
in. long. The bearings are kept in place by a collar of 
annealed Vibrac 7.45 steel 1? in. external diameter end £■ in. 

♦ X/1000 in. bore, the whole assembly resting on a steel plate 
of the same material in. in diameter and 7/lu in. thicx. 




A , C;aPH3 EN < CXA?i . 

L: ' 


The maximum neigh t at which no detonations occur out of ten 
attempts Ls recorded arid also the height at which at least 
one detonation occurs, - 
3.4 Explosion Point 

The explosion point was determined on a 0.1 g sample in 
an open round bottom Pyrex glass test tube heated in a metal 
block at a rate of 3 ’/min. The explosion point is taken as 
the temperature at waxen explosion or ignition occurs. 

3*5 Vac cum Thermal Stability 

Vacuum thermal stabilities were determined in an apparatus of 
the type described bv Esso Research & Engineering" (Report No, 

62-3, June 11 - September 30, ISol?). Approximately 0.1 g of 
the sample was confined under vacuum in a g3 ,so tube closed with 
a Fischer- Per ter valve and carrying a mercury manometer side arm. 

■ • ■ j - )? f 

{ ' The tube including side arm was immersed up to the valve seating 

c ■ 

in a thermostatically controlled water bath at o0 C. Pressure 

in the tube was read periodically with a catnetometer by removing 

o o 

it from the lath r.t 60' and placing in a small glass bath at 20 . 

3.6 Vaccur Pressure 

Vapour pressui as ..of liquids were deterrsined in apparatus 
described above after thorough degas sing of the sample. 
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;».? Heat$ - '?c>^ition • *'r. 

.All heats of fona&tior. quoted ere calculated' values. ' 
wers derived from the '.oat of formation, of the. closest' published 
structure by use cf bond energy values for simple bonds and 
group contributions for “I’F, and -C'.ITOg)^ groups. The 

values taken were -204.5 kcal/®cle for -NF^t ~ -187*6 kcaX / aole 
for -NF. -24o kcad/aole for -N0 2 and +3 .? ’ kcp.l/raole for replacement 
of -CH 2 CH 3 by -CH 2 C(I;0 2 ).. 

3.8 Specific inpoifcS 'iff 

The approximate method developed by U.J. Harper and J.A. Hicks 
(Explosives Research and Development Establishment, Waltham Abbey, 
Report No. 2u/v/c0) was employed. For aluminised propellants 
the equation used was: 

leg I E = 1.3285 ♦ 0,34-00 log Q 4- 0.39305 log j 

For non-aluminised hi/3 1 energy propellants the equation used was: 
lo/ I ^ 1.9355 4- 0.3558 log 3 + 0.4505 log* -0.3336 log C. 

lii 

where Q is the heat of reaction in Kcal ) 

) per 100 g of 

r. i s the number of moles of gaseou s product ) p r0 p e jj_ an ^- 

C is .he total heat^c&pacity of products s ) 

(ho tii solid and gasous) in cal. deg. ^ 

Q is calculated, at 298 U K using the most likely set of 

combustion products and C is calculi ted assuming an exhaust 

o 

temperature of 2000 K, 
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